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ABSTRACT
Project 5.1 wa "tabltshe-t -mew-tre-verpres~ure, gust, and thermal effects on a B-47E
aircraft in flightand to provide additional research information on the effects of nuclear explo-
sions on the aircraft.. Results al this project will be used to correct the B-47E Weapons De-
livery Handbook. Prev~ieo-sU were conducted on a B-47E in Operations Ivy and Castle. Data
obtained on these ope-rations were-primarily measurements of thermal effects. I For Operation
Redwing, a B-47E aircraft was instrumented for measurement of overpressures, irradiance,
radiant exposure, and of bending, shear, and torsion in the wing and stabilizer. Further in-
strumentation was made to measure thermal strain and the effect of high thermal inputs upon
thin skins and supporting structures. Instrumentation was also installed to obtain bending, shear
and torsion responses of the fuselage when subjected to combined side and vertical loading.

The general positioning criteria for the aircraft were wing bending up to 95 percent of design
limit and/or a temperature rise of 600 to +700 F in the thin-skinned elevator and aileron. In
order to attain high temperature rises on participations in which the aircraft was gust critical,
it was necessary to paint the thin-skin surfaces with high absorptivity paint. Temperatures of
430 to 547 F received during Shots Zuni and Dakota caused only minor permanent buckling in
the aileron and elevator and resulted in no control problems or noticeable increase in drag. Dur-
ing Shot Dakota, the aircraft sustained 89 percent of design limit wing bending and an overpres-
sure of 0.80 psi. On other participations, wing loading ranged from 46 to 75 percent of design
limit, and no damage resulted.

The data obtained by participation of the B-47E aircraft in Operation Redwing are sufficient
1or correction of the existing B-47E Weapons Delivery Handbook. The data should also be use-
ful as basic research information to aid in design of future USAF aircraft.
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FOREWORD
This report presents the final results of one of the projects participating in the military-effect

Programs of Operation Redwing. Overall information about this and the other military-effect
projects can be obtained from WT- 1344, the "Summary Report of the Commander, Task Unit 3."
This technical summary includes: (1) tables listing each detonation with its yield, type, environ-
ment, meteorological conditions, etc. ; (2) maps showing shot locations; (3) discussions of re-
sults by programs; (4) summaries of objectives, procedures, results, etc., for all projects;
and (5) a listing of project reports for the military-effect programs.

5-6
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Chopler /

INTRODUCTION
1.1 OBJECTIVE

The primary objective ot this project was to measure overpressure, gust, and thermal effects

of a nuclear detonation on a B-47E aircraft in flight. With the recorded data, criteria and meth-

ods used in the B-47E Weapons Delivery Handbook could be verified or corrected. In addition,

the project was to provide basic research data for design criteria of future USAF aircraft.

1.2 BACKGROUND

Since the original tests of nuclear devices, considerable effort was made to determine their

effect on aircraft systems. In the earlier tests, participation was limited because of a lack of

knowledge of weapon characteristics and the effects of these characteristics upon aircraft systems.

During Operations Ivy and Castle, a B-47B aircraft was instrumented and positioned to obtain

responses of sufficient magnitudes to allow prediction of delivery capabilities of the aircraft.

Data obtained during Operation Ivy were used to establish a more accurate theory relating skin-

temperature rise and distribution in aircraft structures to physical inputs from the weapon.

Under a Wright Air Development Center (WADC) contract, the University of Califc.rnia at Los

Angeles (UCLA) studied, designed, and built a furnace for simulation of thermal loads applica-

tion, and the data obtained were correlated with experimental data from Operation Ivy (Reference

1). This theory was used on Operation Castle as a guide to establish aircraft positions.

During Operation Castle the aircraft was positioned to receive radiant exposures sufficient to

elevate thin-skinned aileron and elevator sections approximately 350 F bove ambient temperature.

At this temperature thermal loads were expected to cause some plasti, .eformation. The maxi-

mum temperature rise obtained was less than 200 F (Reference 2). No plastic deformation or

adverse effects were noted on any part of the aircraft; however, measurements of thermally in-

duced loads deviated considerably from predictions. A study of these effects was made (Refer-

ence 3) which demonstrated that the observed differences were caused by a thermal lag phenom-

enon, resulting in a temperature difference between the skin and the strain gage element used to

measure the thermal loads. Although the primary objective of measuring the effects of plastic

deformation was not achieved, much valuable information was obtained which led to improved

devices and instrumentation techniques for the measurement of thermal loads (Reference 4).

While participating in Operation Castle, a B-36D experienced an unexpectedly large increase

in engine-tailpipe temperature immediately after shock arrival (Reference 5). Subsequently, a

study of the phenomenon was initiated by the Power Plant Laboratory, WADC. As a result of

this study, one engine of the B-47E was instrumented for the measurement of engine performance

parameters during Operation Redwing.
In previous operations, radiant exposure levels were limited primarily by theoretical struc-

tural limitations. Higher levels of radiant exposure were anticipated from Operation Redwing,

however, with the consequence that the possibility of damage to secondary aircraft components

had to be reinvestigated. It was found that if the radome of the bombing-navigational radar were

elevated to a sufficiently high temperature, the outer skin laminate would separate from the honey-
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comb substructure (i. e., filler). Separation of the outer laminate would lower the strength of the
radome, making it more vulnerable to gust effects. During Operation Castle, gust effects were
observed on the B-36D radome, which was buckled on Shot 1 at an overpressure of 0.81 psi. A
further decrease in radome strength resulting from thermal effects might limit the operational
capability of the B-47E; therefore, this possibility was investigated during Operation Redwing.

1.3 THEORY

In order to measure the effects of a nuclear explosion on a B-47E aircraft, it was necessary
that the following phenomena be considered: (1) direct gamma radiation; (2) rise of the radio-
active cloud; (3) overpressure of the shock wave; (4) material velocity (i. e., gust) following the
shock wave; and (5) thermal radiation from the fireball.

The USAF dosage level of 25 rem for bombing operations was a limiting factor for low-altitude
delivery of low-yield devices. However, this gamma-radiation level fell within the danger en-
velopes of other positioning criteria as the yield of the device increased. For the yields of Op-
eration Redwing, direct gamma radiation was not a limiting position criterion.

Although the danger from the rise of the radioactive cloud increases with higher yield devices,
experience gained from Operations Ivy and Castle indicates that the cloud lies within the danger
envelopes for one of the other limiting phenomena. For a 5-Mt device, the cloud required nearly
a minute to rise to test altitude; therefore, it could be avoided with high-speed aircraft.

Analysis and laboratory investigations have established the criterion for safe operation with-
out overpressure damage; namely, the point above which damage to bomb-bay doors, radome,
or engines will occur (Reference 6). The limit was established as 1.0 psi peak overpressure
for the B-47E. Normally, this region falls within the danger envelopes of the thermal radiation

and gust loading of the critical structure.
The factor most significantly affecting the limit to operational capabilities of the B-47E air-

craft, for the yield ranges studied during Operation Redwing, was the gust loading effect on the
prinary structure. Under nearly all conditions, the limit overpressure envelope of 1.0 psi lies
within the danger region envelope for limit allowable gust. For detonations having a yield less
than approximately 5 Mt, effects of radiant exposure on an all-white aircraft with absorptivity,
a, of approximately 0.22 can also be neglected.

The dynamic analyses of wing and horizontal stabilizer reactions to gust loading given in Ref-
erence 6 were used to evaluate danger-region diagrams for Operation Redwing participation of
the B-47E aircraft. The analyses were used to evaluate the dynamic magnification factor (ampli-
fication in load over that expected under static conditions with identical type of load distribution)
and most critical stations of the wing and stabilizer. By use of the theoretical values of this fac-
tor for the wing and stabilizer, the most critical section of the aircraft was found to be Wing Sta-
tion 465.0. However, since Station 465.0 was inaccessible for instrumentation, Wing Station
493.0 was instrumented, and hereinafter in this report, Station 493.0 is referred to as the critical
wing station. At Station 493.0 the 1.0 g flight load was 1.86 x 106 in-lb. An incremental bending
moment of 4.14 x 106 in-lb could be sustained without exceeding the allowable design limit, i.e.,
100 percent of limit load which is, effectively, the same incremental increase which could be

sustain-d at Wing Station 465.
The analysis conducted by UCLA to determine the most vulnerable are of the B-47B aircraft

to damage resulting from radiant exposure during Operation Castle was continued and extended
by Allied Research Associates (Reference 7) to include analysis of the B-47E aircraft for partic-
ipation during Operation Redwing. The inivestigations established that the most vulnerable areas
on the aircraft were the 0.020-inch aluminum skin on the aileron; the 0.025-inch aluminum skin
on the elevators; and, to a somewhat lesser extent, the 0.032-inch skin on the flaps. Since the
aileron sections did not lend themselves easily to instrumentation, it was decided that the 0.025-
inch elevator section would be the primary test section used in Operation Redwing and that cor-
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relating temperature measurements would be made on the aileron and other selected sections.
To ensure that the thin-skinned sections reached temperatures sufficient to cause plastic de-

formation, the absorptivity (a) of the test areas (elevator, aleron, and flap) was increased
through the use of paints varying in color to black (a = 0.96). High absorptivity paints were used
on the lower-yield shots (under 1.0 Mt) in order to bring the danger region envelopes for gust
and thermal radiation into closer coincidence. In this manner, it was possible to position the
aircraft to receive near-limit values of both these variables. On higher-yield shots, a had to
be progressively decreased in order to maintain a coincidence of danger envelopes.

From the investigations described in Reference 7, it was determined that some permanent

buckle of the elevator skin would begin at approximately 380 F above ambient and that failure
because of 1.0 g flight loads on a heated section would probably not occur below temperatures
of 900 F. An analysis was made to determine the flight capabilities of the B-47E aircraft if such
a section were damaged in flight. It was concluded that the aircraft would be in no danger from
either flutter or control effects because of buckling, should the lower skin of the elevator section
rise 650 F. The conclusion was that, should the lower skin of both elevators be severely buckled,
the aircraft would remain stable and maneuverable and that radiant exposure of the instrumented
section would not be a limiting factor. However, difficulty could be encountered in an attempt
to land an aircraft in this condition. To land with only one damaged elevator would entail less
risk. Consequently, only one elevator at a time was completely painted with high- absorptivity
paint, while small patches (three to five rib sections) were similarly coated on the other eleva-
tor, aileron, and flaps. In this way, if severe thermal damage were encountered, all control
surfaces with the exception of one elevator would be essentially intact.

An additional thermal consideration resulted from the use of MIL-E-7729 white paint on the
underside of the aircraft. Experiments conducted by the Materials Laboratory, WADC, estab-
lished that this paint would begin to char at a temperature of 425 F, with a consequent increase
in absorptivity. Tests were conducted at the Eniwetok Proving Ground to determine the rela-
tionship betwecn peak temperature and change in absorptivity, so that this factor could be taken
into account to predict peak temperature rise during evaluation of aircraft position for shot par-
ticipation. The tests were made by use of the Cook Research Laboratories thermal source,
which produced a radiant exposure of approximately 1.5 cal/cm2. A reflectometer (Taylor In-
tegrating Sphere) was used to make measurements of absorptivity (averaged over a wave-length
band of 600 to 800 mj4. The rate of temperature rise and decay was approximately 15 F/sec.
Results of these tests were used as positioning criteria during the latter part of the operation.

Gust effects on the turbojet engines' of the B-47E aircraft were expected to result in changes
in engine performance which would create an increase in tailpipe temperature and possibly a
flameout. Engine tests were conducted during this operation to establish a relationship between
gust inputs and engine effects. It was expected that the principal effects would be either unchok-
ing of the exhaust nozzle or flow distortion at the compressor inlet, causing undesired changes
in the engine's operation (e. g., excessive increase in tail-pipe temperature).

On those shots where near-limit values of both radiant exposure and air blast were expected,
the radome of the bombing-navigational radar had to be considered a possible limiting factor to
operations. The radome was painted white according to standard aircraft configuration, except
for an area 6 inches in diameter which was left unpainted. In this manner it was possible to
study the absorption, transmission of radiant exposure, and heat transfer characteristics of the
laminate in a small area.

'General Electric Type J47-25, Serial No. 063-880, instrumented.

13
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Chopler 2

INSTRUMENTATION
The B-47E was instrumented for the in-flight measurement of thermal, overpressure, and gust

inputs and effects resulting from operation in the vicinity of high-yield detonations.

Thermal inputs measured were radiant exposure (broad and spectral bands) and irradiance.

Measurements were made normal to a line from the detonation to the aircraft, normal to the

horizontal plane of flight, for radiant exposure transmitted through the radome, and for scat-

tered radiant exposure coming in from above the aircraft. Blast inputs measured were over-

pressure and shock propagation time.

Thermal effects, such as temperature rise and distribution and resultant strains in thin-

skinned sections and supporting structures, were measured. Temperature rise of the radome

and covered and uncovered thermocouples (convection calorimeter) installed on the lower sur-

faces of the stabilizer and aileron were also measured. An integral unit consisting of one cov-

ered and one uncovered thermocouple constituted a convection calorimeter. Gust loads effects

such as shear, bending moment, and torsion resulting from gust loads were measured on the

wing, empennage, and fuselage. The effects on engine performance were monitored on the No.

6 engine. Additional miscellaneous backup data were obtained from rate gyro, free gyro, and

angle-of-attack indicators for use in evaluation of aircraft attitude changes and self-induced re-

action loads.

Aircraft space-position information was obtained in flight from the K-4 rada" bombing and
navigational system and monitored by use of photopanel records. Primary flight position meas-
urements were made by use of a Raydist navigational system. Mapping-camera photos, radar-

scope photos, and photos from cameras aimed at ground zero were used as a supplementary

source of position data.
Data were recorded on oscillograph paper, magnetic tape, and film. A central recording as-

sembly located in the aircraft bomb bay provided a facility for the recording of 300 data channels,

plus automation for single channel readout during maintenance and calibration and semiautomatic
in-flight operation and sequencing. In addition, seven magnetic tape-recorder channels and 20
data cameras were operated on all test flights.

2.1 TRANSDUCERS

A comprehensive list of transducers and the recording capacity is given in Appendix A. The
locations on the aircraft of the major areas of instrumentation are shown in Figure 2.1. Details
of installation and location of instrumentation elements are specified completely in Reference 8.

During the period between Shots Zuni and Flathead, information was received from the Air-
craft Laboratory, WADC, that, under certain dynamic loading conditions, Wing Station 615.0
could become critical. As a consequence, eight strain-gage bridge channels were installed to
obtain bending, shear, and torsion. Later in the program, it was decided to increase the scope
of the project to include the evaluation of side-load effects on the fuselage. To measure side-
load effects, two fuselage stations, 800.0 and 1044.0, were instrumented with 14 and 17 strain
gage bridges, respectively.

Other additions consisted of: (1) a convection calorimeter in the aileron at Wing Trailing Edge

Station 476.0; (2) a right-elevator ripple camera aimed at the instrumented elevator section; (3)
an angular accelerometer at Fuselage Station 560.0; and (4) eight channels to record pressure
and temperature information on Engine No. 6.

14
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IV
Sta. 144.0

Sta. 22. Sto. 22.0

® PHOTO PANEL (Navigator CaoortmfentChoft Ct'ite)

B SCATTER MOUNT (Calormneters, N-9 Cameras)
C RADOME (Colrmeters, Tharrmocouptes)

D OPTIGRAPH MOUNT (CalorimetersN-9 &BSeattie Conamea)
80MB-BAY AREA (Central Rlecording Assembly, Therrmocouiples)

CENTER OF GRAVITY (Linear lk Angar Accelerome tori ,Rate Gyro)

G 6 ENGINE (Trmcoups, Pr"ese, Transducers)
H TRUE VERTICAL MOUNT (Colorimetere, N-9 Corner.,)
I GROUND ZERO MOUNT (Thermalernc PWIelColorimerS, Radiometers,N- Cameras, T0 indicator)

,J THERMAL PANEL (Strain Gogn. Thermocouple)
K THERMOCOUPLE AREA (Thermocouple)
L GUST LOAD STATION (MomeintS Shfear Strain Gage Bridges)

S PRESSURE RING (Pressure Transducers)

Figure 2.1 Major areas of instrumentation.
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2.1.1 Calorimeters and Radiometers. The calorimeters and radiometers used for the meas-

urement of radiant exposure and irradiance were supplied by the U. S. Naval Radiological Defense
Laboratories (NRDL). Disk-type calorimeters and foil-type radiometers were used for all direct
measurements, while some 10 and 20 button foil-type calorimeters were used for scattered ra-
diant exposure measurements. The instrument types and filters used to obtain measurements
in broad or spectral bands are specified in Table 2.1. The sensitivity of each instrument and
associated recording channel was determined prior to each shot. Thus, many different instru-
ment types and filter combinations were utilized during the course of the operation.

2.1.2 Thermocouples. The majority of the thermocouples used were of the copper-constantan
(c-c) type. Each junction consisted of two cupper and two constantan wires (10 or 15 mil) per-
cussion welded to the metal surface in close proximity to each other. Each pair of wires was

TABLE 2.1 CALORIMETER AND RADIOMETER TYPES

Instruments Filters
Type Range Type Field of View

deg

Radiometer, RF-10 10 (cal cm 2)'sec Quartz 21
Radiometer, R--50 50 (cal cm 2)/sec Quartz 45
Calorimeter, Red 10 to 20 * cal/cm 2  Quartz 90
Calorimeter, Black 5 to 20 cal/cm 2  Quartz 160
Calorimeter, White 2.5 to 10 cal/cm2  3-69" 90

Calorimeter, Brass 1.5 to 3 cal/cm 2  2-7:3 90
2-58 * 90
RG-8 t 90

RG-8 t 160
7-56 * 90
Ge * 7-56$ 90

Corning Glass WVorks color specification.
Schott-Jena Glass "\orks, West Germany, code specification.
Ge - Germanium.

connected in parallel to reduce the possibility of data loss due to failure of the small gage wires.
In several instances where a nonmetallic material was instrumented for temperature distribu-
tion, c-c junctions were made by butt welding 10-mil wire. Where temperatures of over 700 F
were anticipated, welded chromel-alumel (c-a) thermocouples were installed. All thermo-
couples were referenced to an ice bath at 32 F.

2.1.3 Strain Gages, Gust Loads. All strain gages used throughout the aircraft for gust load

measurements, with the exception of the gages used on the outer skin surface of the two stabi-
lizers, were Baldwin SR-4 Type EBDF-13D (minus). They were temperature compensated for
use on 24ST aluminum from - 50 F to + 300 F. The gages used on the stabilizer skin were Bald-
win SR-4, Type EBDF-13Q strain gages.

2.1.4 Strain Gages, Thermal Stress. The quartz compensated (Q gage) strain gage, desig-
nated EBDF-13Q, was developed by the Cook Research Laboratories and manufactured by the
Baldwin-Lima-Hamilton Corporation. The Q gage was used for the measurement of all thermal
strain. This instrument is, ideally, a temperature-insensitive gage which gives an output pro-
portional to elongation strain, where correspondingly the EBDF-13D gage gives an output propor-
tional to direct, stress-inducing strain. (Both relations apply only to conditions of thermal equi-
librium.)
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The advantage of the Q gage in the measurement of thermal strains was that the compensation
error caused by thermal lag (difference in temperature between panel and strain sensitive fila-
ment) was small. Therefore, any uncertainty in the evaluation of this temperature difference
results in only a small error. The corrections which must be applied when using D gages, how-
ever, result in strain compensation approximately proportional to this temperature difference.

2.1.5 Pressure Transducers. The five overpressure measurements on the fuselage were
made with Statham Type P-131-2.5D-350 pressure transducers. These instruments sensed dif-
ferential pressure within a range of t 2.5 psi. The static side of each overpressure transducer
was vented to ambient pressure through a solenoid valve which was closed immediately prior
to taking measurements. Thus, the static side of each transducer was always referenced to
ambient pressure. Orifice openings for these gages were identical to those used on the aircraft
static system and had a pneumatic response in excess of 200 cps. The Statham P-69-ID-350
gage that formed the sensing element of the stabilizer angle-of-attack indicator was also of the
differential type, with a range of 1 psi. Aircraft ram and static pressure systems were moni-
tored by Statham P-68 absolute pressure gages having ranges of 0 to 30 psi and 0 to 10 psi,
respectively.

In the instrumentation of the engine, six pressure transducers were used. Four were differ-
ential gages and two were absolute gages. Instruments used to record compressor-inlet pres-
sure differential were Statham P-69 transducers, two with a range of 0 to 3 psi and one with a
range of 0 to 1 psi. The P-96-20D-350 differential transducer installed to measure compressor
discharge pressure was similar to the P-69 gages mentioned above. Tail-pipe pressure was re-
corded by means of a Statham P-68-30A-350 gage identical to that used to monitor the ram pres-
sure system. A Statham P-122-500A-500 absolute gage was installed to measure the pressure
in the small slot fuel system.

All pressure gages used unbonded strain-gage wire as the transducing element, electrically
connected as a Wheatstone bridge. The operating temperature range specified by the manufac-
turer (-60 to +200 F) was adequate to accommodate all instrument requirements on the aircraft.
Gages differed in frequencies of natural resonance and sensitivity and in methods of installation
required for each type of measurement.

2.1.6 Accelerometers. Three linear accelerometers, Giannini Type 24118, and one angular
accelerometer, Statham Type AA17B, were installed in the aircraft. The functions, model num-
bers and specifications for the units were:

Function Model Range

Vertical acceleration Giannini Type 24118-5-200 -5 g
Longitudinal acceleration Giannini Type 24118-1-200 1.0 g
Lateral acceleration Giannint Type 24118-2 1/2-200 • 2.5 g
Angular acceleration Statham Type AA17B-3-300 3 rad/sec2

The Glannini units were of the spring-supported-mass type incorporating magnetic damping
and potentiometer output. The two arms of the potentiometer were matched with external re-
sistances to complete the bridge circuit. Sensing circuit of the Statham angular accelerometer
consisted of an unbonded strain-gage bridge coupled to a spring-supported mass. All units were
designed to function within the temperature range of -60 to + 150 F.

2.1.7 Rate Gyro. A rate gyro, Model RG-01-0200-1, manufactured by the Pacific Scientific
Company, was installed in the aircraft. This unit was an air-damped, electrically operated gyro
with a maximum input range of ± 10 deg/sec. The instrument was designed to operate within the
temperature range of -50 to + 170 F.

2.1.8 Recorders. The bulk of the transducer outputs were wired into a central recording as-

sembly (CRA) located in the bomb bay. The assembly housed the recording oscillographs, timers,
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bridge voltage supply, tape recorder, and the ice bath reference junction for all thermocouples.
In addition, panel boards were provided in the CRA for the routing of signals to the appropriate
recorder. Attenuating and damping resistors, balancing circuits, and automatic controls for
individual and sequential channel selection (for test purposes) were also provided on these panel
boards.

Six 50-channel, Consolidated Electrodynamics Corporation Type 5-119P3-52 recording os-
cillographs were located in the CRA. These recorded information as sensed by the transducers
shown in Appendix A.

A seven-channel Ampex miagnetic tape transport, with appropriate power supplies and ampli-
fiers, was installed behind the copilot in the pressurized area of the cockpit. Data signals from
the four calorimeters in tile navigator's window and the two calorimeters in the optigraph canopy

were amplified and recorded, together with a timing reference, on this instrument.
A voice recorder was installed in the CRA and connected to a point common to all channels of

the aircralt's intercommunication system. This instrument was used to determine the reaction
of the crew to noted phenomena and to record commentary on unusual events.

2 1.9 Photographic Equipment. Several types of photographic equipment were used in the
aircraft, One of the most used was the 16-mm Bell and Howell N-9 gun-sight-aiming-point

(GSAP) camera. This camera proved valuable because of its wide range of shutter and frame
speeds. Two 35-mm Beattie Portronic Jr. Cameras were modified by Cook Research Labora-
tories for continuous film transport for use in an optigraph system developed by the National Ad-
visory Committee for Aeronautics (NACA). Other cameras employed were the standard AF 16-
mm B-IA, 35-mm A-4 and K-17C.

2.1 10 Time-Zero Reference. Selenium self-generating photoelectric cells, mounted in the

aft ground-zero mount, were employed to establish a time-zero reference. The outputs of these
cells were connected to each oscillograph for time correlation. Another cell of the same type
was used to produce a time-zero indication for the frame-correlation camera. In this manner,
time correlation between events was established.

2.1.11 Timing Oscillator. A 400-cps standard oscillator (American Time Products) modified
to provide a 100-cps signal was installed in the CRA. This signal was fed to separate channels
on each oscillograph to provide means for accurate measurement of time intervals.

1.12 Bridge Battery A Soi otone Corporation nickel-cadmium battery of high capacity was
installed in the CRA to provide a stable voltage source for the transducers. A signal proportional
to the magnitude of this source was recorded on each oscillograph to monitor the source level

throughout a test run.

2.2 APPLICATION

2.2.1 Thermal Inputs. Two radiometers and 16 calorimeters were installed in an adjustable
(ground-zero) mount located on the tail turret at Fuselage Station 1330.0 (Figure 2.2). This mount

was adjusted for each shot so that the instrument faces were normal to a line from the detonation
to the aircraft. The fields of view of these instruments were recorded on six N-9 cameras lo-
cated in the mount. Many of these calorimeters were equipped with filters to measure the spec-
tral distribution of tile radiant exposure.

A fixed mount on the underside of the fuselage at Station 1237.3 supported three calorimeters
directed downward along an axis normal to the longitudinal and lateral axes of the aircraft (Fig-
ure 2.2). Two N-9 cameras recorded the fields of view of these calorimeters. A fourth vertical
calorimeter was installed in the left stabilizer at Station 156.0. The face of this instrument was

parallel to tile elevator panel surface. With the elevator in neutral position, a measure of radiant
exposure normal to the panel surface was obtained.
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Figure 2.2 Close-up view of ground-zero and vertical mounts.
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Four calorimeters and a camera were installed in a forward scatter mount at Fuselage Station

118.0. These instruments plus two calorimeters in the optigraph canopy (Figure 2.3) were used

to measure radiant exposure (scatter) on the upper surface of the aircraft. One calorimeter

oriented to measure back scatter was mounted in the ground zero mount with its sighting axis

orthogonal to the line of sight to ground zero and in the vertical plane containing this line.

Radiant energy passing through the radome honeycomb material was measured by two calo-

rimeters located just inside the radome surface. The paint was removed from the surface of

the material in front of the right calorimeter to determine the effect of paint on transmission.

2.2.2 Temperature Rise. The right and left elevator sections at Station 148.0 were instru-

mented to measure the thermal effects on 0.025-inch aluminum skin and the structure supporting

the skin. Fifteen thermocouples were installed on the left and 12 on the right elevator sections.

The thermocouples were arranged on the panel and support members to measure temperature

distribution.

The right stabilizer was equipped with a total of six thermo~ouples. At Station 192.0, five

points were instrumented to determine the temperature distribution in the stabilizer's 0.040-inch

skin. Three of these thermocouples sensed the isolated skin temperatures, while the other two

were positioned to determine temperature near supporting structure. The remaining thermo-

couple was placed at Station 168.0 to sample the temperature of the 0.064-inch skin.

Left stabilizer Station 192.0 was instrumented with three pairs of calorimeters to determine

the effects of convection cooling. The convection calorimeters were placed (isolated from the

aircraft skin) in a chord-wise configuration in the lower stabilizer skin (Figure 2.4). Each pair

consisted of two aluminum disks equipped with the. nocouples. One disk of the pair was placed

flush with the aircraft skin and the other was shielded from the airstream by means of a glass

cover having 0.92 transmission from 0.3 to 2.4 microns.

The right aileron was equipped with thermocouples installed in the 0.020-inch lower skin at
two locations (Wing Stations 476.0 and 767.0) to measure temperature rise and distribution in

the panels. Three thermocouples each were installed at Fuselage Stations 488.0 and 599.0 in

the right bomb-bay door. These were used to establish the relationship between the effects of
radiant exposure on 0.040-inch magnesium (Station 599.0) and 0.032-inch aluminum (Station

488.0). The radome was instrumented with two groups of three thermocouples to measure the

thermal conductivity of the laminate material.

A reference panel designed for mounting in the ground-zero mount was instrumented with five
thermocouples. By changing the absorptivity (a) of its surface (various paints), the temperature

rise in the panel could be varied for a given thermal exposure to correspond with the temperature
rise in the instrumented elevator sections.

Figure 2.5 shows the locations of all thermocouple installations on the aircraft.

2.2.3 Strain. The strains induced into the left and right elevator structural components at

Station 148.0 by means of thermal loads were measured with 64 strain gage bridges. Because
of the possibility of damage to the original elevators, a spare set of elevators was instrumented
identically to the elevators installed on the aircraft.

On the 0.025-inch aluminum skin of each elevator, three equiangular strain-gage rosettes were

placed on the inner skin of the lower surface and three were placed directly below these on the
outer skin surface (back to back). Each gage of the rosettes functioned as the single active arm

of a Wheatstone bridge. A junction box installed in the aft fuselage at Station 1235.0 contained

the inactive arms of these bridges, which were mounted free of strain. The left elevator had

one rosette mounted on the inside surface of the upper skin. In addition to the rosettes placed

on the skin of the elevator, the left elevator was instrumented with a rosette on the web of each

of the adjacent supporting members, i. e., the front spar, inboard rib, and outboard rib. On
the right elevator, rosettes were mounted on the web surface of the front spar and inboard rib

only. Six strain measurements were made on the left elevator by the use of two active arms
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Figure 2.3 Close-up view of optigraph and forward scatter mounts.
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each on the upper and lower caps of the primary adjacent support members. Instrumentation of
the right elevator was identical to the left, with the exception that the outboard rib was not instru-
mented. The two inactive arms necessary to complete each bridge circuit were mounted on
strain-free supports located on the front spars of the respective elevators.

The reference panel (Section 2.2.2) which was mounted in an unrestrained condition was also
instrumented with two equiangular Q-type strain-gage rosettes back to back at its center. The

44

r -

Figure 2.4 Sensor Incations in the empennage area: (1) angle-of-attack
indicator, (2) thermal pantl, 3 horizontal stabiliz,,r deflection camera
and light, (4) elevator ripple camera, (5) ground-zero mount, (6) angle-
of-attack transducer, (7) calorimeter, (8) coi,vection calorimeter, (9)
strain-gage bridges, (10) overpressure gage, (11) vertical mount.

reference panel was usd to obtain data Ior the study of strain-gage error caused by the non-
uniform temperature distribution across a strain-gage rosette mounting.

The buckle deflection o1 the elevator's lower skin, induced by thermal loads, was measured
by two deflection indicators. The deflection indicators consisted of two spring-loaded linear po-
tentiometers directly actuated by the backling movement of the skin. These potentiometers made
contact with the smallest possible area of the skin surface in order to minimize heat transfer
from the panel. Two N-9 cameras were installed at Fuselage Station 1248.0 to photograph the
instrumented panei deflection on each elevator.

Strain-gage bridges were installed at the root and mid-span of the left wing, at the three-
quarter span of the right wing, at two fuselage stat ins, and at the roots of the horizontal stabi-
lizer for the purpose of measuring bending moment, shear, and torsion. Thirteen bridges each
were installed at Left Wing Station 144.0 and 493.0 on the front and rear spars and upper skin.
Eight bridges were installed at Right Wing Station 615.0 on the front and rear spars. Fourteen
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Figure 2.5 General location of thermocouple installations on the aircraft.
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and 17 bridges were installed at Fuselage Stations 800.0 and 1044.0, respectively, on the longe-
rons and skin. Nineteen bridges were installed at Left Stabilizer Station 22.0, and 15 bridges
were installed at the same station on the right stabilizer. The stabilizer bridges were located
on the main spar, leading edge, and upper skin. A complete description of the gust-load instru-
mentation is given in Reference 8.

2.2.4 Overpressure Measurements. Overpressure measurements used in the determination
of the magnitudes of gust inputs were made at five locations on the fuselage of the aircraft. One
of these was in the lower fuselage (forward wheel well) at Station 292.0. The remaining four
were located at Fuselage Station 1227.0 in a ring about the fuselage. Transducers comprising
the rear ring were positioned as follows: one at the base of the vertical fin at I o'clock; a sec-
ond on the right side of the fuselage at 3 o'clock; a third on the lower surface of the fuselage at
6 o'clock; and a fourth on the left side at 9 o'clock.

Transducers installed on the lower surface of the fuselage were positioned to permit evalua-
tion of shock-front incidence angle. The remaining three transducers were installed primarily
for the measurement of overpressure magnitude. Additional pressure transducers were in-
stalled on the aircraft ram and static systems to permit monitoring of the gust effects upon
these installations.

2.2.5 Engine Effects. A total of eight channels of pressure and temperature information were
recorded on Engine No. 6 to evaluate changes in the operational characteristics of the GE-J47-25
engine due to gust effects. These measurements consisted of compressor inlet pressure (CIP),
compressor discharge pressure (CDP) and temperature (CDT), small slot fuel pressure (SSFP),
tail-pipe pressure (TPP), and exhaust gas temperature (EGT) as shown in Figure 2.6.

Three ram-pressure measurements were made at the inlet (CIP) by means of differential
pressure transducers referenced to ram pressure prior to shock arrival. The pressure probes
were located peripherally at the inlet (partially shown in Figure 2.6). A pressure probe and a
thermocouple probe were installed in Fuel Nozzle Assembly Nos. 2, 4, and 7 for the measure-
ment of CDP and CDT. The thermocouples were operated in parallel to obtain the average meas-
urement of CDT. Pressure probes were manifolded to a differential pressure transducer to
obtain one average measurement of CDP. Four probe-type thermocouples (CDT) were projected
into the tail pipe at equiangular locations. These were connected in parallel in order to obtain
the average tail-pipe temperature. SSFP and TPP measurements were made by means of ab-
solute pressure transducers. Percent of rated engine speed was photographically recorded
from a tachometer indicator.

2.2.6 Acceleration. Acceleration of the aircraft fuselage produced by the gust inputs was
measured by one angular and three linear accelerometers placed at the aircraft center of gravity.
These transducers were oriented as described in Section 2.1.6. The vertical accelerometer was
installed at Fuselage Station 570.0, while the longitudinal and lateral units were installed at Fu-
selage Station 573.0. The angular accelerometer was installed at Fuselage Station 560.0.

2.2.7 Rate of Pitch. Rate of aircraft attitude change about the pitch axis was recorded by
means of a rate gyro located as closely as possible to the center of gravity of the aircraft. The
instrument was located at Fuselage Station 573.0.

2.2.8 Shock Velocity. The direction of the shock-wave-velocity vector in the plane of the ver-
tical and longitudinal axes of the aircraft was determined by measurement of transit time for the
shock wave over the aircraft fuselage. Pressure transducers were located in the aft fuselage at
Station 1227 and the forward fuselage at Station 292. The time interval between the recording of
the pressure change at the shock front by these transducers divided into the distance between the
transducers was the propagation velocity relative to the aircraft along the line of flight. This
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relative propagation velocity added to tih airtralt v( hoity tornied the hypotenuse of a right tri-
angle, one of whose sides was equal to the shock-wave velocity. The angle between this side and
the hypotenuse could then be calculated.

2.2.9 Angle-of-Attack Indicators. An aligle-ot-atta'k indicator, Model L-30, manufactured
by Specialties Inc. , was installed on the left side oh the vertical fin. This instrument operated

on a diflerence in pressure existing between the upper and lowcr surfaces of its sensing probe.
This difference in pressure caused a rotation of the probe in the dirc ction of the relative wind,

','

Figure 2.6 Location of instrumentation on No. 6 engine: (1) small-slot fuel
pressure; (2) compression inlet pressure, 3 probes; (3) compressor discharge
pressure and temperature; (4) exhaust gas temperature, 4 probes; (5) tail-pipe
pressure, 1 wall-static probe.

thus causing a corresponding change in potentiometer output in proportion to the change in angle
of attack. Range of operation of this instrument was - 15 degrees.

In the horizontal stabilizer, a Statham Type P-69-ID-350 pressure transducer was installed
to measure the differential pressure between the upper and lower surfaces of the forward section
of the stabilizer (Figure 2.4). Installation of the transducer was such that one side of the trans-
ducer was connected to an orilice in the upper skin surface while the other side was coupled to
an identical orifice in the lower skin surface.
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2.2.10 Control Surface Position Indicators. Glannini Type 85175A potentiometers formed the
sensing elements of the rudder, elevator, and aileron position indicators. The potentiometers
were coupled through suitaole linkages to the control surfaces to provide coupling ratios of one
to one for the elevator and aileron surfaces and a ratio of two to one for the rudder surface. Each
potentiometer was a three-turn unit having a total resistance of 300 ohms for the elevator and
aileron and 150 ohms for the rudder installations.

2.2.11 Aircraft Space Positioning and Position Measurement. An accurate record of aircraft
positions during the test operation was made with a Raydist tracking system. The equipment
(furnished and operated by the Hastings Instrument Company, Hampton, Virginia) consisted of a
low frequency transmitter, mounted in the aircraft, which emitted a continuous signal received
at four ground stations located in a known relationship to one another. Three of the ground sta-
tions transmitted phase information received from the aircraft transmitter to the fourth station.
At the fourth, or master station, the signal was combined with phase information received di-
rectly from the aircraft for measurement of the aircraft position.

The aircraft radar and navigational equipment was utilized for in-flight positioning and as a
backup position recorder for the Raydist system. The array of indicators on the navigator's in-
strument panel was photographically recorded. These data included true air speed, K-system
air speed, altitude, free-air temperature, compass heading, time, sighting angle, and azimuth.
In addition, the aircraft radarscope cameras were used to record position information directly.
The data yielded aircraft position versus time information. The location of the camera and panel
are shown in Figure 2.1.

A K-17C mapping camera was mounted in the gimbal provided at Fuselage Station 1063.0. The
camera, controlled by an intervalometer, operated at a rate of one frame every 3 seconds during
the test operation. The ground-zero photos were analyzed to obtain data of approximate aircraft
positioii versus time.

An auxiliary positioning computer (APC) developed and built by Radiation, Incorporated, for
USAF, provided an accurate means of positioning the aircraft over a specified target at a prede-
termined real time. The equipment comprising the system included an ARC-49 receiver and de-
coder located at Fuselage Station 85.0 and a modified B-2A tracking computer (part of the regular
K-4 system on the aircraft). A timing signal received by the ARC-49 from a ground source set
the APC into operation. A value of range time was preset into the computer which corresponded
to the real time of the received signal. A comparison was then performed mechanically between
this real time and the computed time as measured in the K-4 tracking computer. After compari-
son, this information was displayed on the time-error indicators at the navigator's and pilot's
positions. These instruments indicated whether the pilot should increase or decrease speed in
order to place the aircraft over an assigned target at the specified time.

2.2.12 Visible Effects, Data Cameras. The effect of shock and gust on the tail section and
wing was recorded photographically. Vertical and horizontal stabilizer-surface deflections were
recorded on two N-9 cameras. One, in the optigraph canopy of the aircraft at Fuselage Station
446.0, recorded the gross deflection of the entire tail section. The other camera was located in
the vertical stabilizer below the horizontal stabilizer at Fuselage Station 1146.0 and photographed

both stabilizers simultaneously on the same film frame by means of a mirror-prism assembly.
In this manner, relative stabilizer deflection was obtained.

Wing deflections were recorded by one N-9 camera and two Beattie cameras located at Fuse-
lage Station 446.0 (38 percent wing chord) in the optigraph canopy. The Beattie cameras were
used to make continuous-line recordings of wing deflection. The N-9 camera was used to provide

additional bending deflection information. All the above systems used target lights placed at var-
ious locations on the wing and tail assemblies (Reference 8).

2.2.13 Camera Frame-Time Correlation. A 16-mm movie camera was installed in the right
chaff compartment to photograph a panel on which counters (actuated by switches in the thermal-
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and-gust-effects cameras) were mounted. Time correlation was obtained from a timer clock
mounted on the same panel. A time-zero signal was obtained from a light triggered by a sele-
nium type photocell actuated by light from the detonation. Time zero was also indicated by di-
rect detonation light through a small aperture in the counter panel. Roll and pitch were indicated
by a free gyro.

2.3 CALIBRATION

2.3.1 Calorimeters and Radiometers. Calibrations for these instruments were obtained from
the Naval Radiological Defense Laboratory (NRDL). Channel sensitivity calibrations (mv/in)
were made with an accurate my source contained in the instrument test set developed by Cook
Research Laboratories (Reference 9). Millivolt-per-inch deflection calibrations were made be-
fore each shot.

2.3.2 Thermocouples. Millivolt-per-inch deflection calibrations were made for all tempera-
ture channels before each shot. These calibrations were made with the irstrument test set and
used in conjunction with standard thermocouple tables fcr conversion from my to temperature
rise.

2.3.3 Strain Gages. The strain sensitivity (magnitude and sense) of strain gages used to
measure thermal loads was evaluated by the use of known parameters of the data channel to de-
termine magnitude and the application of point loads to determine sense. This type of calibration
was made necessary because the desired measurement was strain at a point and not a dynamom-
eter type of indication of external force, e. g., load-cell applications. Consequently, the strain
response of each gage had to be determined individually, and the direction of galvanometer trace
deflection had to be related to compression or tension through the application of point loads (or
some similar technique) which would induce a known strain of either sign. Loads applied to the
trailing edge of the elevator were used to calibrate gages on the upper and lower elevator skin
and on the ribs. Loads applied to the main elevator spar were used to calibrate the gages and
rosettes on this spar. Loads applied to a small area in the center of each skin rosette were
used as a check (on these gages) of the main load calibration.

Since the gages used for the thermal loads measurements were Q gages, another type of cali-
bration check was used. At stated in Section 2.1.4, the Q gage measures elongation strain;
therefore, since aluminum exhibits a positive temperature coefficient of expansion, measure-
ments made at two different temperatures of the structure could be used to evaluate sense. Two
methods of obtaining a temperature difference were employed. The first consisted of balancing
all channels on the ground and recording the differential deflection with the aircraft in flight at
a high altitude. The differential change in temperature from ground to air could be used to eval-
uate sense. Elongation strain produced by a temperature difference of 100 F was approximately
1,300 pin/ in. This was assumed large in comparison with elongation strain produced by air
loads on a nearly neutral elevator in level flight. The second method consisted of a simplifica-
tion of the above, in which the data channels were balanced during the heat of day and a differ-
ential deflection record taken at a stabilized, lower, night temperature.

The magnitude of the elongation strains was evaluated by the following relationship:

6act( R (2.1)
=cal Rs N Ks.

Where: E = elongation strain, in/in
6act = galvanometer deflection during shot, inch
6cal = galvanometer deflection due to shunting one arm of bridge, inch

R = shunted bridge arm resistance, ohms
Rs = shunt resistance, ohms

N = number of active bridge arms
Ks = manufacturers calibration gage factor
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Actual stress-producing strain was determined from elongation strain by using a corrective
procedure developed empirically by laboratory techniques.

The point-load system of calibration was employed in the calibration of the gust-load strain
gages (Reference 10). The data obtained from the point-load application were used to determine
shear, bending moment, and torsion equations at the instrumented stations (Reference 11). All
bridge outputs were recorded individually, and the data were combined analytically after the
test operation. Periodic check loads of 2,500 pounds were applied at outboard wing and stabilizer
stations to check the three types of load equations at the instrumented stations.

2.3.4 Pressure Systems. Pressure transducer calibrations were performed on all units be-
fore and after their installation in the aircraft. The first calibration, performed in the labora-
tory, consisted of a detailed calibration to insure that all transducers were linear and that their
outputs agreed with the information supplied by the manufacturer. The second calibration, per-
formed in the field, consisted of a check of the transducers, including the electrical system used
in recording their outputs during test. Both calibrations were accomplished by the application
of known pressures in several steps throughout the range of the instruments and recording the
corresponding outputs. In the laboratory calibration, an L & N potentiometer bridge was used
to record the outputs of the gages, instead of the oscillograph used in the field calibrations.
Pressures applied were measured by means of water or mercury manometers, depending upon
the range of the transducer undergoirg calibration.

2.3.5 Accelerometers. Like the pressure transducers, the accelerometers were calibrated

in the laboratory, as well as in the field. The laboratory calibration consisted of complete cali-
bration and check, by the use of a spin table, to supply the necessary g forces for static and dy-
namic inputs. During this process, inputs were applied in steps throughout the range of each
instrument, while the electrical outputs were recorded by means of an L & N potentiometer
bridge. In the field, each accelerometer was given a static check of + 1.0 g, 0.0 g, and -1.0 g
to verify the laboratory data and to check operation through the recording system installed in
the aircraft.

2.3.6 Rate Gyro. The rate gyro installed for the measurement of pitch rate was given a com-
plete laboratory calibration prior to installation in the aircraft. The procedure followed was
similar to that used in the tests on accelerometers, with the exception that a low-speed spin
table capable of operation in both directions was used. Inputs in terms of cegrees per second
were applied in steps throughout the range ol the gyro. Outputs were recorded by means of an
L & N potentiometer bridge, while table speed was measured by the use of elapsed time tech-
niques.

2.3. 7 Time-Interval Equipment. The accuracy of time-interval measurement required in
these tests was = 100 Asec. No calibration other than operational checks was required, since
the units had self-contained, crystal-controlled 100-.,c oscillators (10 ,sec per cycle).

2.3.8 Control Surface Sensors. Position indicators installed on the rudder, elevator, and

aileron were calibrated in the field by the movement of the control surfaces through their ranges
of deflection and the recording of the electrical outputs at various angular deflections. Deflec-
tions of the rudder were measured by a rudder protractor designed by the airframe manufac-

turer. The remaining control surface deflections were measured by the use of a clinometer.

Electrical outputs were recorded through the instrumentation installed in the aircraft.

2.3.9 Angle-of-Attack Indicator. Calibration of the angle-of-attack indicators was performed
after their installation in the aircraft. The instrument installed in the vertical stabilizer was
calibrated by the rotation of the probe through its range of operation and the recording of the
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electrical outputs for various angular deflections. The differential pressure type of angle-of-
attack indicator installed in the horizontal stabilizer was calibrated pressure-wise and converted
to angle of attack analytically. In both the above cases, the outputs were recorded by the use of
the instrumentation system installed in the aircraft.

2.3.10 Aircraft Instruments. With the exception of K-system true air speed, no calibration
of the aircraft's instruments was made, since normal instrument accuracy was all that was re-
quired. True air speed was calibrated with a standard K-system 180-degree wind run.
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Chop/er 3

OPERATIONS
Planning for the participation of the B-47E aircraft in Operation Redwing was initiated during
the early part of 1955.

Certain modifications had to be made to the aircraft to accommodate instrumentation and its
maintenance. To insure safety of flight, certain parts of the aircraft vulnerable to effects of
radiant exposure, such as the elevator balance seal, drains, and internal sections, were shielded
or painted with low-absorptivity paint. Thermal curtains made of heavy white cotton duck backed
with aluminized vinyl were placed over the canopy and navigator's windows. The curtains were
necessary only during the thermal phase of the detonation and were, therefore, designed for rapid
installation and removal.

At the completion of the installation-and-calibration stage of the project, the aircraft was
flown in test flights in the continental United States to check the response characteristics and op-
eration of the instrumentation. Upon arrival at the EPG on 12 March 1956, the B-47E was again
flown on test and practice missions to develop air crew proficiency and in-flight calibration of
certain equipment. A flight plan was chosen which would facilitate positioning of the aircraft at
a point in space at a predetermined time. This plan was followed on all test participations.

3.1 SHOT PARTICIPATIONS

In making a choice of shot participations, it was necessary to evaluate various positioning
factors as related to the limiting criteria set forth in Chapter I and to select the combinations
of gust and thermal effects which would satisfy the objectives of the project. TI~e choice of shot
participations, as well as positioning criteria, are shown in Table 3.1. These criteria were es-
tablished by such studies as the one presented in Reference 6.

For Shots Cherokee, Navajo, and Tewa, the limiting parameter was the radiant exposure nec-
essary to cause a temperature rise of 400 to 500 F on numerous portions of the aircraft simul-
taneously. However, on Shot Tewa, the aircraft was also positioned for gust effects at the
sacrifice of the elevator thermal-strain data. On Shots Zuni, Dakota, and Apache, the gust ef-
fects were the limiting factors, and test panels were painted so that the resulting temperature
rises would be high enough to cause buckling in the thin-skinned test panels. The position of the
aircraft on Shot Flathead was such that the predominant effects would be overpressure and gust.
During Shots Huron and Mohawk, the aircraft was positioned to obtain side loads. No thermal
effects were anticipated.

3.2 FLIGHT PLANS

Because of the excessive amount of aircraft traffic handled at Eniwetok, the operational plan
had to be executed with considerable emphasis on time. Also, because of the need to be at a
specified position in space at a predetermined time, the time correlation of the operational plan
was given more emphasis than would be necessary on an actual bombing mission. The typical
flight plan used during Operation Redwing is shown in Figure 3.1, and flight conditions existing
for each shot are presented in Table 4.1. The aircraft was flying away from ground zero at
time zero on all shots except Mohawk and Huron, when the aircraft was positioned for side loads.
The flight plan shown in Figure 3.1 was chosen by the aircraft commander and was used on all
tests of the operation. This plan made it possible to establish with considerable accuracy wind
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velocity, true air speed, and such other navigational data as were necessary for the execution
of given time-position requirements. This was important to the analysis associated with over-
pressure, gust, and thermal effects.

The typical flight pattern consisted of four timing runs followed by a wind box. Each of the
timing runs was a race-track pattern with two approximately 40-nautical-mile legs and two 3-
minute turns. The turns were executed with one 90-degree turn followed by a 1-minute leg and
then another standard 90-degree turn. The time correlation on the final run was computed ac-
curately the auxiliary positioning computer (APC), which compared real time with time to the
desired point in space from the K-4 system. The results of the comparison were presented to
both the pilot and navigator on a panel indicator in terms of seconds late or early along the path.

2

SECRET



Chopter 4

RESUL TS
The results presented herein were derived principally from data which were recorded on oscil-

lograph paper and film within the aircraft. The data were reduced both manually and with semi-

automatic data-reduction equipment. A time-history presentation of all recorded data has been

made in Reference 12. Significant results for each measured parameter are included herein.

4.1 OPERATIONAL RESULTS

The standard flight plan was flown using the aircraft K system with tracking accomplished by

Raydist navigation equipment. Intended and actual aircraft range relative to ground zero appear

as part of Table 4.1. The aircraft was tracked successfully by Raydist during Shots Cherokee,

Flathead, Dakota, Navajo, and Tewa. For those cases in which Raydist data were not available,

it was necessary to use auxiliary sources. These sources were the two photo panels, a mapping

camera, cameras aimed at ground zero, and the K system.

Other recorded flight operational results such as speed, heading, wind vector, etc., also ap-

pear in Table 4.1. Position yield, design yield and actual yield have also been incorporated in

Table 4.1 for convenience, even though they are independent of aircraft operations. Meteoro-
logical data for all flights are presented in Table 4.2.

4.2 THERMAL INPUT

Values of peak irradiance and total radiant exposure obtained from radiometers and calorim-

eters are summarized in Table 4.3. These values were obtained by using a data reduction pro-

cedure as prescribed by NRDL. This procedure correctud the data for the change in thermal

emf of the thermocouple and the heat capacity of the receiver as a function of temperature. For

the calorimeters, the NRDL procedure also corrected the data for the heat loss of the particular

instrument. Further corrections for transmission losses because of filter and for angle of inci-
dence of incoming energy have been made in applicable cases for Table 4.3.

Time-history plots of irradiancc, radiant exposure, and temperature rise in the reference

panel (Figure 2.2) are presented in Figure 4.1. The data are from Shot Dakota and show the ex-
pected relation of these quantities.

Two calorimeters were used to determine the effect of paint on the transmission of radiant

energy through the plastic radome. One calorimeter received energy through the honeycombed

material painted white (absorptivity, 0.2) while the other viewed through the natural finish of

honeycomb (absorptivity, 0.7). Results from three tests showed the painted area reduced trans-

mission of radiant energy by 65, 60, and 53 percent, as would be expected.
Scatter measurement of radiant exposure was made by a calorimeter mounted perpendicularly

to a ray from ground zero. This instrument measured extremely small outputs, ranging from

0.08 to 0.69 cal/cm 2, when measurable. It was significant that these exposures fell in the rather

limited range of 2.1 to 2.6 percent of the total radiant exposure looking directly at the detonation.

4.3 THERMAL RESPONSES

4.3.1 Temperature Rise. A summary of temperature rises for various skin thicknesses and

the outer radome laminate is presented in Table 4.4. The absorptivity and angle of incidence of
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TABLE 4.3 THERMAL RADIATION

Numbers in parentheses are fields of view of instruments in degrees. NA, not available. NR, not reducible.

shot Irradiance Radiant Exposure, cal/cms
Peak Value Peak Time On Horizontal Plane * On Plow Normal to Ray from Detonation

Predictedt Mesured Predictedt Measured Measured Measured Measured
(160) (21) (45) (90) (160)

(cal/Omt)/sec sc

Cherokee 4.51 2.03 16.8 10.'9 22.1 NR NR 16.37 17.71
Zuni 8.40 1.87 17 21.28 22.40 18.58 26.40 31.17 30.78
Flathead 3.16 0.68 5.25 3.64 NA 2.16 2.41 3.85 3.93
Dakota 13.29 1.10 27 21.20 30.3 20.39 23.38 27.86 26.32

Apache 5.76 1.38 11.8 9.03 15.1 11.09 12.54 13.56 12.94
Navajo 8.51 2.09 21.8 20.69 26.3 8.12 26.62 33.19 33.15
Tewa 10.29 2.09 33.5 24.46 38.1 NR 31.15 33.58 32.79

* Measured values of thermal energy incident on horizontal plane are naturally not corrected for angle of incidence. All other
measured values are corrected.

t Predicted values based on final yields and aircraft positions.

TABLE 4.4 SUMMARY OF PEAK TEMPERATURE RISE

Data in this table is not applicable to Shots Flathead, Mohawk and Huron. X - angle of incidence
at time zero. a - bsorptivity. AT - temperature rise. F.

Cherokee Zuni Dakota Apache Navajo Tewa

Elevator Lower Skin
Left Elevator Sta. 148.0. A 54 43 16 39 39 33

0.025. 248 - T3 c 0.30 0.81 0.96 0.96 0.41 0.36
AT 75 346 47 t 6 0 210 225

Right Elevator Sta. 148.0, A 53 42 16 39 39 33
0.025. 248 - T3 c 0.27 0.32 0.96 0.96 0.42 0.41

AT 58 170 520 266 211 212

Right Aileron
Trailing Edge Sts. 476.0. X 56 45 22 42 42 37

0.020, 248 - T3 cc 0.24 0.82 0.96 0.81 0.21 0.21
AT 54 380 480 227 140 156

Trailing Edge Sta. 767.0. X 58 46 22 42 43 37
0.020. 248 - T3 cc 0.19 0.82 0.81 0.61 0.46 0.51

AT 41 430 432 235 315 315

Right Stabilizer
Stabilizer Sta. 168.0, A 60 49 25 46 46 40

0.064, 758 - T6 at 0.25 0.25 0.20 0.17 0.16 0.17
AT 20 50 50 18 43 44

Stabilizer Sta. 192.0. A 60 49 25 46 46 40
0.040, 756 - 76 C 0.23 0.97 0.96 0.96 0.16 0.18

AT 29 320 388 170 82 93

Radome Outer Surface
Fuselage Sta. 202.0. left A so 42 22 38 37 32

a 0.22 0.20 0.20 0.24 0.25 0.20

AT 47 120 162 76 146 162

Fuselage Sta. 202.0. right A 43 38 21 36 37 33
c 0.70 0.70 0.70 0.70 0.72 0.70
AT 92 321 387 169 321 322

• Spare elevator used on all shots except Cheroke.
t Average taken from reference panel, (no temperature values available bare for this flight).
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each surface is included for comparison of data. In all cases, the temperature rise listed was

the maximum measured value. Data from Shots Flathead, Mohawk, and Huron are not presented
because the aircraft was positioned for gust loading and negligible temperature rises were re-

corded.

Typical temperature distributions in instrumented structural members and panels under in-

vestigation have been prepared to show the relative temperature rises as a function of time.-cioo

Peak Irradiance -1258 cal/cm2/sec.

3I

I-

io

4 8

0)

00

0 o 10Is 20 25 30
To Time, seconds

Figure 4.1 Time-history representation of irradiance, radiant exposure, and
temperature rise on reference panel, ground-zero mount, for Shot Dakota.

In most cases flight Tewa was used since this event produced the greatest thermal inputs.
Figure 4.2 shows the temperature distribution in the right elevator inboard rib. As was ex-

pected, the proximity of the thermocouples to the irradiated surface determined the relative
peaks and times to peak of the temperature rises at the rib flange and at the center of the rib.
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Figure 4.3 shows the chord-wise temperature distribution in the right stabilizer skin panel
for Shot Tewa. In all cases these thermocouples were mounted on 0.040-inch aluminum painted
white (absorptivity of a = 0.18). The only variable here sho,,id be the surface convective cooling
coefficient. Since the coefficient of cooling is an inverse function of distance from the leading
edge, the more distant points should be expected to rise to the highest temperatures. This is
shown to be the case since maximum temperatures (from leading edge aft) were 80 F, 83 F,
and 93 F.

Figure 4.4 shows span-wise temperature distributions for the right stabilizer at the same
distance from the leading edge and the same skin absorptivity. Temperature rises of 0.064-inch

1 00 1 1
S'. Inboard Rib Center,0.032AI

- Adj. To Lower Flonge ,0.32 AI

80

Fwd.

a 60
so

E 40 -

20 -

0
5 10 15 20 25 30 35 40

Time, seconds

Figure 4.2 Time-history representation of temperature rise on the inboard
instrumented rib of the right elevator.

and 0.040-inch aluminum have been compared to show relative temperature rise with skin thick-
ness being the only variable.

Temperature distribution in the radome honeycomb is shown in Figure 4.5. White paint on
the surface reduced the temperature rises to less than 50 percent of the temperature rises that
existed in the unpainted area.

Temperature distributions in the bomb-bay doors are shown in Figure 4.6. Here a 0.032-inch
aluminum panel of the bomb-bay door is compared to a 0.040-inch magnesium panel of the same
door. The aluminum panel temperature rose only 92 F as compared to 136 F for the magnesium
panel.

4.3.2 Thermal Strain. The elongation strains (total measured strains) of the elevator ribs,
front spar and upper skin were corrected for the expansion of aluminum using the temperature
provided by adjacent thermocouples. The corrected data thus consisted only of stress-producing
strain (due to axial and bending loads). Peak values of this corrected strain are summarized in
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Figure 4.3 Time -history representation of chord-wise temperature distribution
on the lower skin of the right stabilizer when painted white.
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Figure 4.4 Time-history representation of span-wise temperature distribution

on the lower skin of the right stabilizer when painted white.
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Tables 4.5 and 4.6. Peak values of stress-producing strain in the left elevator ribs have been
compared with maximum lower-skin temperature rise (Figure 4.7). Since the tension applied to
the rib by the heated, expanding skin changed abruptly in the skin-temperature range of 350 to
450 F, this comparison of rib strain versus skin temperature indicated that yield of the skin had

TABLE 4.5 SUMMARY OF PEAK ELEVATOR* STRAINS, CAP MOUNTED GAGES

4 equals tension; - equals conmpression. Nit, equals data not reducible.

Location Strain, min/in
Cherokee Zuni Dakota Apache Navajo

Left Outboard Rib, Upper Cap f 120 4 ISO +220 +80 +95

Left Outboard Rib, Loer Cap NRe * 1,020 + 980 4 560 +495

Left Inboard Rib, Ipper Cap ,60 + 150 + 212 + 160 +95
Left Inboard Rib, Lower Cap -640 1 1,650 4 1,660 4 1,150 *922
Right Inboard Rib, Upper Cap , I0o 4 60 + 160 NRe NRe

Right Inboard Rib, Lower Cap NR, - 75 1,300 NRe NRe
Left Front Spar, Upper Cap Nit -200 -350 -220 -120
Left Front Spar. Lower Cap 150 -540 -545 +320 +410
Right Front Spar, Upper Cap -20 -35 * 127 * 122 + 120
Right Front Spar, Lower Cap - 160 4335 -635 + 170 4315

• Spare elevator used on all shots except Cherokee.

apparently occurred. Hence, there was little change in rib strain at higher skin temperatures.
This also provided evidence that failure of skin occurred before failure of the primary structure.

The strain gages mounted on the elevator lower skin shielded the skin immediately under the
gage, thus adversely affecting the temperature of the material instrumented. In order to eval-
uate the complete correction necessary for this temperature differential effect, in addition to
the effect of expansion of the material, similar model tests were conducted at Cook Research
Laboratories. Similarity or duplication was achieved in instrumentation, shape, thickness,
types of materials, surface paints, and mode of heating radiation. The panels tested were un-
restrained in order to obtain direct corrections for all the adverse effects of the thermal load-

TABLE 4.6 SUMMARY ( PFAK EIE%'AI'(),* SI'IAIN! INTERNALLY
MOUNTEI) R)SETTES, (\M.\XI.'I'M All",)

+ equals tension; -- cquah, Compression.

Location Strain, pin in
Cherokee .uni )akota Apache Navajo

Left Upper Skin , ISo * i55 - 120 -110
Left Outboard Rib 245 47:3 450 * 345 * 295
Left Inboard Rib * 155 * 1,420 1,610 4 1,010 + 840

Right Inboard Rib * 350 , $10 + 1,200 + 720 +660
Left Front Spar + 60 -190 -240 4 115 + 175
Right Front Spar + 72 + 130 + ISO + 115 .150

* Spare elevator used on all shots excopt Cherokee.

ing on the gage readings. Application of these corrections to the field test data provided the
stress-producing strains. These peak values for the elevator lower skin are summarized in
Table 4.7. High thermal radiation combined with the high absorptivity of the elevator lower
skin panel (0.96) on Shot Dakota destroyed the majority of the skin strain gages. Therefore,
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elevator lower-skin strain-gage data were not available for Shot Dakota and subsequent shots.
A post-flight Shot Dakota photograph of the left elevator thermal panel (after paint had been

removed) is prebented in Figure 4.8. This photograph shows the effects of thermally induced
loads in thin-skinned sections painted with high absorptivity paint. The residual buckles caused
by plastic deformation at the L.gh temperatures are clearly visible.

Gage Location On Rib Legend

Inboard Rib

Fwd. Centeru pplr Cap 
Outboard Rib

0.032"
N Lower Cap 24S-T3

Heat Source Side

2,00

j. Lower Cap

; i

£ Center

• t ,Loer Cp
C -

*

a100 to 300 400 Soo goo

Maximum Temperoture RisIeOF
Figure 4.7 Relative rib strains versus maximum lower

skin temperature rise.

4.4 GUST INPUTS

Pressure-sensing instruments were orientated about the fuselage at Station 1227.0 and at the
bottom of the fuselage at Station 292.0 as described in Section 2.2.4. This sensor arrangement
insured pressure measurement at a point tangential to the impinging shock front and a measure-
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ment of shock propagation time along the aircraft fuselage. Table 4.8 summarizes the peak
overpressure and shock-wave-propagation time from Fuselage Station 1227.0 to 292.0 for all
events. All pressures are differential values measured from ambient conditions for level flight

at aircraft altitude.
Measured overpressure taken from Shot Dakota *s presented in Figure 4.9. The dual time

scale permits a time-history investigation of the peak condition and the duration of the positive

phase.

4.5 GUST LOAD EFFECTS

4.5.1 Aircraft Disposition. Aircraft accelerations were measured in the vertical, longitudi-
nal, and lateral directions by linear accelerometers located near the aircraft center of gravity

Figure 4.8 Residual buckles evident in the lower skin
of the left elevator after Shot Dakota.

(c. g.). Also located near the c. g. was an accelerometer measuring angular acceleration about
the aircraft lateral axis, together with a rate of pitch gyro. Change in angle of attack was

measured on the vertical fin.
Time-history graphs of differential vertical acceleration, differential angle of attack, and

differential rate of pitch taken during Shot Dakota are presented in Figures 4.10 through 4.12.
Peak differential values of accelerations and attitudes are summarized in Table 4.9. Aircraft
disposition measurements were taken from a 1.0 g flight condition.
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0 10 20 30
Rot. Zero T Ime z T +26.95seeTm ,scod

o Reference Tm eod

Figure 4.9 Time-history representation of overpressure
taken at the aircraft during Shot Dakota.

2

C!

bC

~0 I23 4 5

Ref. Zero Time a T + 26.95 sac0 Reference Time ,seconds

Figure 4.10 Time-history representation of differential vertical
acceleration taken at the aircraft center of gravity during Shot
Dakota.
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Figure 4.11 Time-history representation of differential
angle of attack taken during Shot Dakota.
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Figure 4.12 Time-history representation of differential
rate of pitch taken during Shot Dakota.
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4.5.2 Structural Response. Time-history plots of the wing and stabilizer differential load
effects for Shot Dakota and of fuselage differential load effects for Shot Huron are shown in Fig-
ures 4.13 through 4.16. Figure 4.17 shows a time-history record of differential wing deflection
for Shot Flathead. A summary of peak incremental bending moment, shear, and torque at all

Bending Moment
Left Wing Station 1440

0

Bending Moment
Left Wing Station 493.0

Ref. Zero Time : o+ 2C.O5,eO. Reference Time, seconds

Figure 4.13 Time-history representation of differential
wing bending moment taken during Shot Dakota.

instrumented stations is given in Table 4.10. Instrumentations of Right Wing Station 615.0 and

Fuselage Stations 800.0 and 1044.0 were initiated in the field. These installations were com-
pleted just prior to Shots Fiathead, Tewa, and Mohawk, respectively; therefore, no data for
events prior to these exist. Since the aircraft was positioned for symmetrical loading during
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Shot Tewa, vertical-loads data were developed and side-loads data were neglected at the fuse-
lage stations.

One g bending moment at a constant dynamic pressure, within the range of dynamic pressure
encountered during test events, in addition to design limit loads and sign convention, are pre-
sented in Table 4.11. Measured incremental moment added to the one g moment enables deter-
mination of the percent of design limit moment measured.

4.5.3 Effects on Engine Performance. Data listed in Table 4.12 were obtained from pressure
transducers and thermocouples installed directly on the engine and recorded in the CRA, with

the exception of engine rpm, which was indicated directly on the chaff chute photo panel. Time-
history graphs of engine performance for Shot Dakota appear in Figures 4.18 and 4.19.
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Chop/er 5

DISCUSSION
It was possible to participate successfully in all shots of Operation Redwing which had been se-

lected for capability data. Two of these shots were used for obtaining data on side-load effects.

Aircraft instrumentation, including all primary and auxiliary data sources and recorders, was
from 91 to 96 percent operational during the test series. Events utilized to test the aircraft's

weapon delivery capabilities included Shots Cherokee, Zuni, Flathead, Dakota, Apache, Navajo,
and Tewa. Events utilized to obtain side-load data were Shots Mohawk and Huron.

The selection of events for capability data on the B-47E was made to giv. reasonable assur-

ance of near-limit inputs for gust and/or thermal loads. A more conservative poeitioning cri-
terion was used in the selection of events for side-load dat. Actual yields varied from 33 to 135
percent of preshot positioning yield; therefore, a good range of data was established relating to
both aircraft capability and weapon effects.

The decision to investigate the effects of side loads on a bomLer-type aircraft was made dur-

ing the course of the operation, when it was ascertained that data sufficient for capability studies
would be obtained. It was determined that the aircraft could be instrumented for measurement
of side loads and positioned to receive the side inputs from Shots Mohawk and Huron without sac-
rificing primary capability data. The decision to study side-load effects was based upon the need

for data to correlate effects on bomber-type aircraft with those being obtained for a fighter type

aircraft (Project 5.5, F-84F Research Aircraft) and to refine prediction methods for side-load
effects.

All predicted values appearing herein are based on final yields and aircraft positions.

5.1 THERMAL INPUTS

Predictions of total radiant exposure were found to be generally conservative; i. e., higher

than actual radiant exposure as measured by the calorimeters. This conservative trend is evi-
dent in Figures 5.1 and 5.2 where the data can be seen to lie, in general, closer to the 20 percent

line than to the perfect agreement line. Measured total radiant exposure was based upon the read-
ings of three calorimeters aimed at ground zero, equipped with quartz filters and possessing 90-

degree fields of view.
In both Figure 5.1 and Figure 5.2, Shots Navajo and Zuni show unusually high measured values

in comparison with the predicted, while in both cases the measured values which were lowest

with respect to predicted were recorded on Shots Cherokee and Tewa. The meteorological data
of Table 4.2 indicate a possible reason for this occurrence. During all shots, the heaviest cloud
coverage at altitudes between the device and the aircraft was reported for Shots Navajo and Zuni

and the lightest for Shots Cherokee and Tewa.
The effect of clouds on thermal radiation is a complex phenomenon depending on cloud thick-

ness, particle size and distribution, absorption, albedo, geometry, atmospheric attenuation,

source spectral distribution, and the albedo of the underlying ground. The problem was dis-
cussed in Reference 13 and it was concluded that although the effect of clouds above the aircraft
altitude could probably be neglected, a laboratory model study indicated that clouds between the
device and the aircraft could greatly increase the thermal radiation at the aircraft in certain
areas of space. This increase can be brought about either by reflection or transmission, since

both are primarily scattering processes, although the water vapor absorption also present is an

attenuating process.
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It seems likely, then, that the prediction trend was 20 percent or more conservative, and that
the heavy cloud coverage on Shots Navajo and Zuni caused an unpredicted increase in measured
thermal energy.

It was possible to ascertain the effect of the angle of the field of view for the calorimeter upon
the readings obtained. Table 4.2 showed readings for 21-degree, 45-degree, and 160-degree

fields of view as well as the 90-degree field of view values. It can be seen that the 21-degree
field of view sees about 60 percent, the 45-degree field of view sees about 80 percent, and the
160-degree field of view sees about the same as the 90-degree field of view calorimeter.

The reliability of measured values of irradiance and radiant exposure can be estimated by
integration of the thermal irradiance curve to a time where further integration would not add
significantly to the total value. At that particular time, a comparison was made of measured
radiant exposure and the integrated irradiance. The comparison is shown in Figure 5.3, and
good correlation is evident.

5.2 THERMAL RESPONSES

5.2.1 Temperature Rises. Measured temperature rises in the lower center panel of the right
elevator have been compared to predicted values in Figure 5.4. The predicted temperature rises
are based upon measured thermal radiation at the surface. The theoretical rises are seen to be
higher than measured rises, showing conservatism in the prediction theory.

In attempting to cause plastic deformation, test areas were painted with high absorptivity
paint. For Shot Dakota, the entire elevator and reference panel were black (a = 0.96), and max-
imum temperature rise was 547 F in the reference panel. Paint blistering may have acted as an
insulation barrier and have effectively reduced the peak temperature rise. The application of
paint under field conditions probably caused the failure of the paint in this and other test panels.
Even though the paint blistered, much valuable information concerning plastic deformation at
elevated temperatures and thermal strains was derived from the test. The thermal responses
obtained were of such magnitudes that large areas of thin-skinned control surface were buckled
without adve-se effect on control or stability of the aircraft, either in flight or under landing
conditions.

5.2.2 Visible Effects. Together with the elevator buckling shown in Figure 4.8, another vis-
ible thermal effect was observed in the postsiot examination of the aircraft after Shot Dakota.
This effect was a hole of dimensions roughly I by 11 2 inches burned in the outboard seal of the
elevator.

In several other shots, the pilot observed that engine fire warning lights came on at time
zero, but went off after a few seconds. This effect was undoubtedly caused by direct radiant
exposure of the fire warning sensor and not by engine malfunction.

5.2.3 Thermal Strain. Maximum elevator-stress-producing strains were obtained on the
lower skin surface. Peak values of 760 Ain/in tension for Shot Cherokee and 2,200 Ain/in com-
pression for Shot Zuni were indicated in the summaries of stress-producing strain, Tables 4.5,
4.6, and 4.7. The yield stress for 24S-T3 clad aluminum was 37,000 psi indicating the value of
yield strain to be about 3,500 Ain/in. Comparison of these values clearly shows that destruc-
tive permanent set was not attained on Shots Cherokee or Zuni on the left elevator.

Figure 4.8 showed that significant permanent set occurred on Shot Dakota, as evidenced by
the relatively large residual buckles. Correlation of skin strain to temperature rise, in order
to obtain the condition at which permanent set first occurs, was not possible because of the de-
struction of strain gages mounted on surfaces receiving high temperature rises. In order to
obtain some related information, the temperature rise of the lower skin must be compared to
strain data of another surface instrumented. This comparison might be made on the upper skin
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of the elevator but the single rosette mounted there showed small reactions, as indicated in
Table 5.1. Therefore, the only possible strain available for such correlation lies on the pri-
mary structure.

The maximum listed stress-producing strain for primary structures, Tables 4.5 and 4.6,
was 1,660 gin/in tension. Since the tensile yield stress for 24S-T3 clad aluminum alloys was
37,000 psi (with a value of strain of approximately 3,500 gin/in) the data indicated that at no
time did either the ribs or the front spar go into significant permanent set.

Although the lower skin gages were burned off on high input shots, the gages mounted on the
primary structure reacted for all tests considered. Thus, it is evident that gages mounted on
internal primary structures are operative past the point where gages fail on the secondary sur-
face, the lower skin. Also, from data presented in Figures 4.7 and 5.5 and discussion relating
thereto, it is evident that the lower skin will go into significant permanent set, fail, or be com-
pletely destroyed before failure will occur in the primary structures.

The stress-producing strain values of the left elevator ribs were related to the maximum
temperature rise of the lower skin surface. The strain values considered were for gages

TABLE 5.1 SUMMARY OF PEAK LEFT ELEVATOR

STRAINS, UPPER-SKIN-MOUNTED ROSETTE

(MAXIMUM ARM)

" equals tension, - equals compression.

Shot Strain ATma,

Iain/in F
Cherokee * s0 75

Zuni I IS0 346

Dakota + 155 547

Apache -120 250

Navajo - 109 210

mounted on the lower rib cap, the center of the rib oriented parallel to the lower cap, and the
upper rib cap. The maximum strain values attained on each point were related to maximum
lower skin temperature rise and presented in Figure 4.7. In order to present a time correlation
of rib reactions to the maximum lower skin temperature rise (all at the same time), Figure 5.5
was developed. This figure also provides a visual presentation of the variation of rib strain re-
lated to gage distance from the lower skin. Both Figures 4.7 and 5.5 indicate the existence of a
strain transition zone between maximum temperature rise values of 350 F and 450 F. Also in-
dicated is a consistent difference in strain reactions between similar locations on the inboard
and outboard ribs.

Since the tensile-stress-producing strains indicated for the ribs were due primarily to the
difference in the expansion rates of the lower skin and rib proper, then any relief of the expan-
sion of the lower skin would result in a decrease of the rib strains. The most obvious relief of
the lower skin expansion would be yield or significant permanent set (large buckled area) of the
material. Thus, the transition zone is an indication of this effect on the lower skin structure.
Further evidence of this transition zone is indicated from the observed visual effects on Shot
Zuni. Local buckling in the lower skin was observed after this shot with a maximum tempera-
ture rise of 346 F. This also indicates yield point in the vicinity of 350 F or greater.

Because of the existence of lightening holes in the outboard rib of the left elevator, the mass
is less than that of the inboard rib. Because of this mass difference, the temperature rise for
the outboard rib is always larger and more rapid than for similar points on the inboard rib.
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This causes the outboard rib to exhibit temperature reactions more similar to the lower skin
surface than does the inboard rib; thus, the stress-producing strains in the inboard rib are al-
ways greater for similar points when compared to the outboard rib as shown in Figures 4.7 and
5.5.

Gage Location On Rib Legend

Inboard Rib
Upper Cap Outboard Rib

g Fwd. L : j Center
- -- 0.032*24S-T3

"ALower Cop
. LHeat Source Side

A I0

I N S
If

20 If

Maximumyeowe CopraueRie;

E

00

Ftgure 5.5 Related rib strains of the l+eft elevator thermal panel.

5.3 GUST INPUTS

As shown In Table 4.8, peak overpressures measured on the aircraft fuselage ranged from
0.25 to 0.80 psI. The correlation of measured and final postshot predicted overpressuree Is
shown in Figure 5.6. The predicted values were based on final measured yield and aircraft po-
sition. Data from all shots indicated that the theoretical method of predicting overpressure was
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accurate to within approximately 10 percent. The data shown in Figure 5.6 were measured at a
point tangential to the direction of shock propagation to eliminate as much as possible the effect

of dynamic pressure and air-flow disturbances. A comparison of the pressure measured tan-
gential to the impinging shock front and pressure measured on the bottom fuselage is shown in

Figure 5.7 to illustrate the effect of dynamic pressure.
Peak values of recorded overpressures were determined by extrapolation of a relatively flat

portioi of the time-history plot back to time of shock arrival (Tsa). The portion used for extra-
polation generally appears after the decay of initial high frequency disturbances caused by shock.

I.0

D akota
-10%

oc

410%

0.6
* Tewa

0

72 Zui~ Navajo -
U Huro, Aoaho
0

0.2 Mohawk

0 0.2 0.4 0.6 o.6 1.0

Measured Overpressure ,psi

Figure 5.6 Predicted versus measured overpressure.

In the case where disturbances last for more than 0.4 second, an average is taken through the

disturbances and extrapolated to time of shock arrival.

5.4 GUST LOAD EFFECTS

5.4.1 Aircraft Disposition. The effective change in angle of attack, because of gust velocity

behind the shock wave, was evaluated by two different techniques: (1) direct measurement of
wind vector relative to an aircraft datum using a Specialties Incorporated Model L-30 angle-of-
attack indicator, and (2) measurement of shock wave propagation time along the line of flight.

Shock wave propagation times were used primarily to evaluate shock wave angle of incidence;
however, if the gust vector was assumed coincident with the shock front vector, it was possible
to evaluate change in angle of attack. The relationship between gust angle of incidence and pro-

pagation time is:

Cos- 
V

d/At + Va
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Where: v = angle of incidence to horizontal plane
At = propagation time over a distance d

d = distance between measured points
Va = aircraft velocity
Vs = shock front velocity

The above relationship applies only for symmetrical loading (shock front vector and aircraft lie
in the same vertical plane).

The Rankine-Hugoniot expressions were used to compute the magnitude of the gust while the
direction of the gust was assumed identical with the direction of the shock vector. The change

- Nrml Frn
Normal To Impinging Shock Front

--- Tanqontial To kr*W*4 Shock Front

R l

0.1 0.2 0.3 0.4 0. 0.6
Tsa Time, seconds

Figure 5.7 Comparison of differential pressures taken at
points tangential and normal to the impinging shock front.

in angle of attack was then computed by adding vectorially the aircraft and gust velocities.
Peak values of differential angle of attack derived from the two methods, together with gust

velocity and angle of incidence appear in Table 5.2. The angle of attack calculated by Method 2
above is an instantaneous change occurring at time of shock arrival, while the value of Method I
above was taken at the time of maximum measured differential angle of attack (maximum oc-
curred at 0.1 to 0.2 second). Although the results of both methods are referred to as angle of
attack, the values will differ for the following reasons:

1. The measured change in angle of attack was taken relative to an aircraft datum. Pitching
of the aircraft into the relative wind was evident in all events. Therefore, the amount of pitch
during the time lapse from time of shock arrival to time of shock arrival plus 0.1 to 0.2 second
would result in a measured angle of attack, by Method 1, of lower value than would be expected
from the results of Method 2.
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2. The calculated change in angle of attack uses in its derivation a value of material velocity
which was developed using the value of measured overpressure extrapolated to Tsa. The extra-

polated value of overpressure would be higher than that existing at the time of maximum meas-
ured angle of attack; therefore, the calculation would yield values of angle of attack larger than
measured.

5.4.2 Structural Response. In order to establish primary aircraft capabilities, the structural

reactions of the wing due to gust effects were measured and compared to predicted reactions,
based on existing theories using final yield and aircraft position. Comparisons of wing bending

at Wing Stations 615.0 and 493.0 showing the correlation between measured and predicted values,
are given in Figures 5.8 and 5.9. The coordinates are the incremental wing-bending increases
from ti-e 1.0 g flight conditions. The comparisons for Wing Station 615.0 show theory to be un-

TABLE 5.2 CALCULATED GUST INPUTS AND ATTITUDES

Shot Differential Differential Angle of Shock Estimated

Angle of Attack* Angle of Attack t Wave Incidence Gust Velocity

deg deg deg ft/sec

Zuni 1.55 2.67 31.52 63.0
Flathead 1.s2 3.63 52.62 56.1
Dakota 4.O0 6.17 45.78 96.8
Mohawk - - - 49.4

Apache 1.45 2.00 28.25 51.9
Navajo 2.60 3.70 35.47 80.2
Tewa 2.60 4.65 34.53 99.0
Huron - - - 37.2

Direct measurement of wind vectJr relative to an aircraft datum added.
t Calculated by vector addition ol aircraft and gust velocities.

conbervative by about 20 percent. Conversely, the comparisons for Wing Station 493.0 show at

least a 40 percent conservative trend.
A plot of percent limit bending moment at Wing Station 615.0 versus percent limit bending

moment at Wing Station 493.0 (Figure 5.10) indicates that in all but two events, Shots Huron and
Dakota, Wing Station 615.0 appeared to be more nearly critical.

The correlation of data at Wing Station 144.0 with preliminary postshot predictions indicated

approximately a 30 percent conservative trend in measured bending moment.

5.4.3 Visible Damage. Postshot inspection of the aircraft consisted of a close examination
of all structural elements and aircraft components (radome, fairing, etc.) which would be sub-
ject to blast damage. Visible effects of blast damage were in evidence only after Shots Dakota

and Tewa.
Damage to the aircraft from Shot Dakota was limited primarily to the doors of the forward

wheel well and bomb bay, A photograpn of damage to the left bozrb-bay door is shown in Figure

5.11. A similar buckle pattern was in evidence on the right bomb-bay door. The damaged sec-
tion included the rear two rib sections having 0.040-inch magnesium skin (QQ heat treat). The
stops for the rear bomb-bay doors were completely ruptured; they were reinforced when re-

placed. The rupturing of the door stops probably contributed to the doors' buckling. Repair
of damage was considered unnecessary, and the remaining missions were flown with the ori-
ginal doors. Fire-extinguisher knockouts on all engines were dislodged.

Bomb-bay and forward-wheel-well doors showed slight effects of gust damage after Shot Tewa.

Paint was spalled off rivets and serrated along the peaks and valleys of the major buckles caused
by Shot Dakota.
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Figure 5.10 Comparison of the percent limit bending
moments of Wing Stations 615.0 and 493.0.

YC

Figure 5.11 Gust damage evident in the bomb-bay area
after Shot Dakota.
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5.4.4 Engine Response. Initially it was expected that gust effects on the J-47-25 engine
would result in increased tail-pipe temperature (TPT) to the point where an engine change would
be necessary because of annealing and rupture of ti- tail-pipe complex. The cause of the tem-
perature rise was a point of theoretical consideration, but most plausible causes were believed
to be: (1) increase in TPT because of overpressure and unchoking of exhaust nozzle; and (2)
change in inlet angle of attack because of gust, coupled with an increase in overpressure.

Unchoking of the exhaust nozzle resulted in a change of flow in the nozzle from supersonic to
subsonic. This change in operating condition would cause some increase in temperature, but it
was found in the Operation Redwing data that the change was negligible.

A change in compressor-inlet angle of attack and pressure could conceivably cause an increase
in TPT, but the more significant and direct effect would lbe compressor stall. Compressor stall
is caused in the J-47-25 engine by the fuel regulator, which senses compressor-inlet pressure;
for an increase in pressure, the regulator causes more fuel to be released into the combustion
chamber. Under gust conditions associated with a tail-on attitude of the aircraft, the angle of
attack is increased and air flow is reduced. Thus, with more fuel and less air, the equivalent
ratio decreases and frame temperatures increase. However, this type of compressor stall has
been experienced under several types of operating conditions of the B-47E, and it is not probable
that TPT would ever approach the limit of 1,850 F as a result of the gust effects from nuclear
detonations.

Data obtained during Operation Redwing have demonstrated that limiting structural consider-
ations preclude the probability of adverse engine effects of the J-47-25 on a B-47E aircraft. The
0.80 psi overpressure from Shot Dakota, associated with a peak gust velocity of 96.8 ft/sec at
45.8 degrees, caused a change of 4.0 degrees in the angle of attack. No adverse engine effects
were noted; in fact, measured changes in engine parameters were significantly negligible. How-
ever, the bending moment at the critical wing station reached a peak of 89 percent of limit, and
considerable blast damage was evidenced. Under operating conditions of the B-47E similar to
those during Operation Redwing, it is not expected that the aircraft could be positioned to exper-
ience adverse engine effects without exceeding the structural limits of the aircraft.
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Chapter 6

CONCLUSIONS and RECOMMENDATIONS
From the final data gathered by this project, the following conclusions and recommendations are
made:

6.1 CONCLUSIONS

1. The participation of the B-47E aircraft in Operation Redwing provided sufficient structural-
effects data to verify or correct the B-47E Weapons Delivery Handbook.

2. Predicted skin-temperature rises were higher than those measured. However, the ther-
mal responses were sufficient to ouckle large areas of thin-skinned control surfaces. These
buckles did not produce any adverse effects on the control or stability of the aircraft.

3. The thin-skinned lower elevator panel on the B-47E aircraft will yield when subjected to
temperature rises in the range of 350 to 450 F. However, this set will occur before failure in
any primary structure.

4. White paint on the radome surface reduced the temperature rise to less than 50 percent of
that existing in the unpainted areas.

5. The most critical of the tested wing stations was Station 615.0, with Station 493.0 being
almost as critical. Gust response predictions at Station 615.0 were approximately 20 percent
unconservative. Predictions at Wing Station 493.0 were approximately 40 percent conservative,
and those at Wing Station 144.0 were approximately 30 percent conservative.

6. Under the conditions encountered during Operation Redwing the B-47 engines operated
satisfactorily, and there were no indications that engine limitations could be approached without
exceeding other structural limitations.

7. Predictions of radiant exposure were conservative with respect to actual moaaurements
obtained. With respect to these measurements, correlation of integrated radiometer reamngs
and those obtained from calorimeters was good.

6.2 RECOMMENDATIONS

1. It is recommended that the B-47E not participate in any future nuclear tests for the pur-
poses of determining its weapon delivery capabilities. It is further recommended that the data
gathered by this project be used to substantiate the B-47E Weapons Delivery Handbook.

2. It is also recommended that the data gathered by this project be used to verify and/or
correct existing prediction techniques.
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A4ppendix A
TRANSDUCER DA TA

The following instruments were used to record all data:
(1) oscillographs; (2) magnetic tape, (3) cameras; and
(4) voice tape recorder.
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TABLE A.1 SUMMARY OF TRANSDUCERS

Letters in parentheses indicate type of equipment used to record data: (A), oscillographs, (B), magnetic

tape, and (C), cameras.
Recorded

Transducers Location Channels Range

1. Strain gage bridges for gust loads

Bending Moment L.W. Sta. 144.0 4 (A) -

Shear L. W. Sta. 144.0 7 (A)

Torsion L. W. Sta. 144.0 2 (A)

Bending Moment L. W. Sta. 493.0 4 (A)

Shear L. W. Sta. 493.0 7 (A) -

Torsion L. W. Sta. 493.0 2 (A) -

Bending Moment R. W. Sta. 615.0 4 (A)

Shear R. W. Sta. 615.0 4 (A) w

Bending Moment L. S. Sta. 22.0 7 (A)

Shear L.S. Sta. 22.0 12 (A)

Bending Moment R. S. Sta. 22.0 6 (A)

Shear R. S. Sta. 22.0 9 (A)

Bending Moment Fus. Sta. 800.0 8 (A)

Shear Fus. Sta. 800.0 6 (A)

Bending Moment Fus. Sta. 1044.0 10 (A)

Shear Fus. Sta. 1044.0 7 (A)

2. Strain gage bridges for thermal loads

Strain Rosette L.E. Sta. 148.0 30 (A) --

Strain Gage L.E. Sta. 148.0 6 (A)

Strain Rosette R. E. Sta. 148.0 24 (A)

Strain Gage R.E. Sta. 148.0 4 (A)

Strain Rosette Fus. Sta. 1330.0 6 (A)

3. Temperature

Thermocouple L.E. Sta. 148.0 15 (A) -326 to 700 deg F

Thermocouple R. E. Sta. 148.0 12 (A) -326 to 700 deg F

Thermocouple R.S. Sta. 192.0 5 (A) -326 to 700 dog F

Thermocouple R.S. Sta. 168.0 1 (A) -326 to 700 dog F

Thermocouple Fus. Sta. 1330.0 5 (A) -326 to 700 deg F

Convection Calorimeter, uncovered L. S. Sta. 192.0 3 (A) -326 to 700 dog F

Convection Calorimeter, covered L.S. Sta. 192.0 3 (A) -326 to 700 dog F

Convection Calorimeter, uncovered R. W. TE Sta. 476.0 1 (A) -326 to 700 deg F

Convection Calorimeter, covered R. W. TE Sta. 476.0 1 (A) -326 to 700 dog F

Thermocouple - Radome Fus. Sta. 202.0 6 (A) -326 to 700 dog F

Thermocouple - Bomb Bay Fus. Sta. 515.0 2 (A) -326 to 700 dog F

Thermocouple - Bomb-Bay Door Fus. Sta. 488.0 3 (A) -326 to 700 dog F

Thermocouple - Bomb-Bay Door Fus. Sta. 599.0 3 (A) -326 to 700 deg F

Thermocouple - Central Recording Fus. Sta. 515.0 2 (A) -326 to 700 dog F

Assembly
Thermocouple - Optigraph Mount Fus. Sta. 446.0 1 (A) -326 to 700 deg F

Thermocouple - Aileron R. W. TE Sta. 476.0 3 (A) -326 to 700 dog F

Thermocouple - Aileron R. W. TE Sta. 767.0 3 (A) -326 to 700 dog F

Thermocouple - Engine No. 6 R. W. Sta. 554.0 1 (A) 0 to 2,500 dog F
1 (A) -326 to 700 dog F

4. Thermal Radiation
(Calorimeters and Radiometers)

Ground Zero Fus. Sta. 1330.0 18 (A)

True Vertical Fus. Sta. 1227.0 3 (A)

Left Stabilizer L. S. Sta. 156.0 1 (A)
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TABLE A.1 CONTINUED

Letters in parentheses indicate type of equipment used to record data: (A), oscillographs, (B), magnetic
tape, and (C), cameras.

Recordled
Transducers Localion Channels Range

Radome Fus. Sta. 202.0 2 (A) -

Forward Scatter Fus. Sta. 118.0 4 (B) -

Forward Scatter Fus. Sta. 446.0 2 (B) -

Back Scatter Fus. Sta. 1330.0 1 (A) -

5. Pressure

Overpressure Fus. Sta. 292.0 1 (A) P-131, - 2.5 paid *
Overpressure Fus. Sta. 1227.0 4 (A) P-131, * 2.5 psid *
Ram Monitor Fus. Sta. 240.0 1 (A) P-68, 0 to 30 psia

Static Monitor Fus. Sta. 320.0 1 (A) P-68, 0 to 10 psia

Engine Compressor Inlet B. W. Sta. 554.0 2 (A) P-69, 0 to 3 paid *

1(A) P-69, 0 to 1 psid*
Engine Compressor Discharge R. W. Sta. 554.0 1 (A) P-96, * 20 psid*
Tailpipe R. W. Sta. 554.0 1 (A) P-68, 0 to 30 psia

Small Slot Fuel System R. W. Sta. 554.0 1 (A) P-122, 0 to 500 psia

6. Angle of Attack

Differential Pressure L.S. Sta. 192.0 1 (A) P-69, = 1 psid*

Air Stream Direction Detector V.F. Sta. 332.0 1 (A) Model L-30, * 15 deg

7. Linear Acceleration

Vertical Fus. Sta. 570.0 1 (A) No. 24118, = 5.0 g

Lateral Fus. Sta. 573.0 1 (A) No. 24118, * 1.0 g

Longitudinal Fus. Sta. 573.0 1 (A) No. 24118, - 2.5 g

8. Angular Acceleration

Angular Accelerometer Fus. Sta. 560.0 1 (A) AA17B, * 3 rad/sec
2

9. Rate of Pitch

Rate Gyro Fus. Sta. 573.0 1 (A) RG-01-0200, 0 to 10 deg/sec

10. Position Indicators

Rudder Fus. Sta. 1194.0 1 (A) No. 85175A, * 20 deg
Elevator Fus. Sta. 1180.0 1 (A) No. 85175A, +25 -15 deg

Aileron L. W. TE Sta. 461.0 1 (A) No. 85175A, * 18 dog

11. Deflection Indicators

Push-Pull Pot L.E. Sta. 1.18.0 2 (A) - 0.5 in

12. Cameras

Ground Zero Fus. Sta. 1330.0 6 (C) N-9, 16 mm

True Vertical Fus. Sta. 1237.0 2 (C) N-9, 16 mm

Wing Deflection Fus. Sta. 446.0 2 (C) Beattie, 35 mm
Wing Deflection Fus. Sta. 446.0 1 (C) N-9, 16 mm

Empennage Deflection Fus. Sta. 446.0 1 (C) N-9, 16 mm
Stabilizer Deflection Fus. Sta. 1146.0 1 (C) N-9, 16 mm

Elevator Ripple Fus. Sta. 1248.0 2 (C) N-9, 16 mm

Navigator's Panel Fus. Sta. 135.0 1 (C) A-4, 35 mm

Frame Correlation Fus. Sta. 759.0 1 (C) BI-A, 16 mm
Forward Scatter Fus. Sta. 118.0 1 (C) N-9, 16 mm

Cloud Cover Fus. Sta. 275.0 1 (C) N-9, 16 mm

Mapping Fus. Sta. 1063.0 1 (C) K-17

Pounds per square inch, differential.
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Appendix 8
INPUT and RESPONSE THEORY

Outlines of methods used to predict thermal and blast &Ph = overpressure at any point, psi
effects of nuclear weapons and aircraft response to
these inputs are presented in this appendix. Ph = ambient pressure at any point, psi

References are given for each analysis presented.
Symbols used in each section correspond with the sym-

bols used in the reference from which the analysis was
taken. Where Qh = APb/Ph

B.1 OVERPRESSURE AND MATERIAL VELOCITY Tables of a as a function of Qh may be found in
PREDICTION Reference 17.

The equation is plotted for the regimes of interest
Empirical expressions have been developed tor in Appendix B, WADC-TN-55-175.

predicting overpressure at a point in space due to a Knowing AP at the point under consideration and

the ambient pressure at this point the material velocity
behind the shock may be found using tables of Rankine-

= 34.5 68.1 4,140 for AP.for 2 psi Hugoniot relationships. For this purpose the pressure
+l 7 fratio across the shock may be written:

31.3 P0  P0
' Xsl xr0o10 X-0.880 for APs < 2 psi P = ambient pressure behind shock, psi

P0 = ambient pressure before shock, psi

X = R/WO AP = overpressure = Pt- P0 , psi

R = range to point of interest, ft
Appendix B of WADC-TN-55-175 may be consulted

W = weapon yield, pounds for this complete analysis and for charts of these equa-

APsl = sea level overpressure, psi tions.

Relating this to an arbitrary burst altitude in a B.2 THERMAL ENERGY RECEIVED
homogeneous atmosphere For a spherical, isotropic source with no atmos-

APb Pb pheric attenuation the caloric input impinging normally
=~ l to a surface

APsl P;al

APb = overpressure at burst altitude, psi =3.77 x 107 , cal/cm2

Pb= ambient pressure at burst altitude, psi
W = weapon yield, kt

Psi= ambient pressure at sea level, psi d = distance from burst center, ft

Defining overpressure at any point in a homogene- For a hemispherical non-isotropic source with no
ous atmosphere and adding an exponential correction, atmospheric attenuation caloric input impinging
a, relating overpressures at any point in a homoge- normally to a surface
neous atmosphere to the overpressures at any point
in a stratified atmosphere. 3.77 x 10? (W)""_ 

Qn = d|(ta/to)

APh = [Ph] a b 
I

+ (ths/to) [f(hW)cos(/s )] '1cal/cm2
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ta/to = average power-weighted fraction of time An outline of the analysis including calculation sim-

spent by fireball as sphere plifications through the use of nomographs is presented
he re.

ths/to = average power-weighted fraction of time The incremental dynamic gust load factor, Aneg.,

spent by fireball as hemisphere is the parameter used to establish limit allowable gust

f(h, W) = function describing energy emitting load envelopes.

behavior of fireball during time it is a
hemisphere Aneg. (D. M.) Anr

0 = angle enclosed by vertical line drawn

through burst center and effective slant (D. M.) = Dynamic Magnification Factor

line of interest, deg Anr. incremental rigid-body gust load factor.

Cos (2/3 0) = factor expressing geometric consideration This factor is a function of the weapon

for non-isotropy of hemispherical fireball input and initial aircraft orientation.

Values of ta/to and ths t o are established using a "Anr = p/o 4 1 4 (""/U)
2 

+ 2 ("-/U) cos d, jj .

scaled burst height, h/W V/, where h actual height sn

of burst. sin (o)- -

Finally, including effects of special orientation of U 
0 o

the receiver, atmospheric attenuation, albedo, etc.,

the expression for total thermal energy impinging nor- p, = peak density following shock wave, slugs/ft

mal to a horizontal surface may be written, P0 = ambient density, slugs/ft
2

FV+TV
c s v + TP'p I-= peak material velocity following shock wave,

'rec =n 1 I ~ ft/sec

4 FIR(T h T w o o s u 4 "r Tl'. i A)1, cal /cm2 o initial angle of attack, radian (sin a 0 _- ao)

U airplane initial velocity, ft/sec
primed terms are for reflected radiationuprimed terms are for reflectd radiation elevatior angle from burst point to airplaneunprimed terms are for direct radiatio)ninsmerclpardas in symmetrical plane, radians

TV fractional transmission due to scattering Derivation of this equation is found on pages 45 to

in visible range 47, WADC-TR-53-176.

Fv  fraction of thermal energy in visible region The Dynamic Magnification Factor has been corn-

P surface albedo puted by means of the dynamic analysis described in
detail in Appendix II of WADC-TR-53-176. It is a

ratio of reflected to direct energy function of airplane forward speed, U, dimensionless
duration of the positive phase of the pressure pulse,FIR fraction of thermal energy in infrared region anaipnemsprmtrK
so, and airplane mass parameter, K.

Th fractional transmission due to scattering in U to
haze layer for entire spectrum sO = C2

Tw fractional transmission (.ue to water vapor U = true air speed, ft/sec
absorption in infrared range

.. = function of weapon yield ( I for w< 500 kt) to = duration of the positive phase of the pressure

pulse, seconds

A much more detailed presentation of the analysis
outlined above is included in WADC-TN-55-172, while

a nomographic presentation for rapid calculation is the Actual computation of s o is accomplished using

major portion of WADC-TN-55-172. The method of Nomograph 3.1, page 26, WADC-TN-55-175.

analysis was originally developed in AFCRC-TN-54-25. p0 (C/4) Sw (C~a)a

B.3 RESPONSE TO BLAST LOADING M

For a detailed discussion of the dynamic analysis S, wing area, f 2

used for the wing and horizontal stabilizer response to

blast loading WADC-TN-55-175 and WADC-TR-53-176 (CLa) a = airplane lift slope, per radian

must be consulted. M airplane mass, slugs
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Computation of K is accomplished using Nomograph R ratio of temperature rise with cooling to

3.2, pages 28 and 29, WADC-TN-55-175. temperature rise without cooling
The wing Dynamic Magnification Factor may now be

found using Nomograph 3.3, page 31, WADC-TN-55-175. Cp = specific heat of the metal, Btu/lb-°F

A (D. M. ) is computed for the critical section of a t = thickness of the metal, ft
particular wing, therefore, care should be used in ex- t

trapolating values for this factor to other wings. Qrec thermal energy received, Btu/ft
2

Calculation of the horizontal stabilizer Dynamic The ratio R is given by the Department of Engineer-
Magnification Factor is the same as that for the wing. ing, UCLA, as a plot of R versus F where
The parameter, so, is redefined using the horizontal
stabilizer semi-mean aerodynamic chord, and K is heT
assumed equal to zero. PCpt (3,600)

B.4 THERMAL RESPONSE
T time to peak of the thermal pulse

Thermal response can be divided into two phases:
(1) determining the temperature rise of a panel with a T- M ?" second

given thermal energy input; and (2) determining the

maximum deflection of a panel with a given tempera- Mt = weapon yield in megatons

ture rise. hc = convective cooling coefficient, Btu/ft2
-*F-hrA semi-empirical expression-h 

.06T -5( XY05 frl mn rfo

W = b/2 42.408 [f(a/b)e AT] hc 0.056 Tf 0.5 (Ux) , for laminar flow

W = maximum panel deflection, in

f(a/b) = function of (a/b) as shown in Figure 2.1, h, = 0.051 Tf
3 

(x) 2  , for turbulent flow

page 11, W'ADC-TN-55-175 (x)

b = characteristic dimension of panel shown on Tf = film temperature T, +T R
Figure 2.1

AT = temperature rise, 'F Ts 
= surface temperature

ae = [ 11.8 + 0.00256 (AT + 2 To + 80*)I x 10
- 6

, Ty = ambient temperature

per 'F y = ambient air density, pef

To= ambient temperature, 'F airfoil local velocity, ft/sec

-was developed in Section IV of WADC-TN-55-176 x - distance from leading edge, ft

and is presented on page 12 of "A"ADC-TN-55-175.
Arbitrary acceptable damage levels may be chosen h equations developed in Appendix A, ADC-TR-52-216

by specifying corresponding maximum deflections. Volume I.
The allowable temperature rise for the critical panel The above calculation has been set up in nomographic

form in Nomographs 2.1, 2.2, 2.3, 2.4, pages 7 to 10,
The temperature rise is given by WADC-TN-55-175. Entering the nomographs with true

air speed, altitude and weapon yield AT/a may be found

AT R Qrec a for a specified Qrec or Qrec may be found for a specified
PCpt AT/a.

All of the above except the convective cooling coeffi-

cient equations are presented in more detail in Section II

p = density of the metal, pcf of WADC-TN-55-175.
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